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PREFACE 


This  feasibility  study  was  prepared  by  the  Montana  Depart- 
ment of  Health  and  Environmental  Sciences  (MDHES)  with  tech- 
nical and  engineering  assistance  by  the  engineering  firm 
CH2M  HILL.  The  study  was  conducted  in  cooperation  with  the 
U.S.  Environmental  Protection  Agency  (USEPA) , in  accordance 
with  the  requirements  of  the  Comprehensive  Environmental  Re- 
sponse, Compensation,  and  Liability  Act  (CERCLA.)  or 
"Super fund"  and  the  regulations  promulgated thereunder . 
CERCLA  allows  states  and  the  federal  gb:%ernment  o respond 
to  releases  and  threatened  release s ^6 f hazardous-sub s t anc e s , 
pollutants,  and  contaminants.  \ V"/' 

This  study  identifies  and  e v a luatas  remedia t ion  alternatives 
for  the  Warm  Springs  Pond s Ope r able  ,:=lJhit , near  Warm  Springs, 
Montana.  The  Warm  Sp r inga -Pond s\Oper able  Unit  is  a part  of 
P the  Silver  Bow  Creek  Super fdtLd  Site,  which  is  one  of  four 

separate  but  contiguous  SiSuperfuhd  sites  in  the  upper  Clark 
Fork  Basin  area :ii of Mont anaHi:;.  IThe  Silver  Bow  Creek  Site 
begins  in  Butte , -Montana , and  extends  down  Silver  Bow  Creek 
to  its  conf luence^wit h the  Clark  Fork  River.  The  Clark  Fork 
Basin  then  extends  down  the  Clark  Fork  River  to  Milltown 
Dam.  The  Silver  Bow  Creek  Site  was  placed  on  the  Superfund 
National  Priorities  List  in  September  1983  after  preliminary 
investigations  and  assessments  were  conducted  at  the  site. 

All  of  the  chapters  in  this  feasibility  study  are  the  result 
of  the  cooperative  efforts  of  the  State  of  Montana,  the 
USEPA,  and  the  engineering  firm.  The  discussions  of  legal 
and  procedural  matters,  and  the  discussions  of  the 


iii 


applicable  or  relevant  and  appropriate  requirements  (ARARs) 
that  any  remedial  actions  will  have  to  follow,  are 
conclusions  of  the  two  agencies. 


» 


The  agencies  developed  cleanup  goals  and  provided  direction 
and  guidance  for  developing  alternatives  that  would  meet 
Superfund  statutory  requirements,  ARARs,  and  current  USEPA 
feasibility  study  guidance.  The  engineering  firm  provided 
technical  support  to  the  agencies  to  meet  these  objectives. 
MDHES  and  USEPA  will  ultimately  select  the  remedy  for  this 
operable  unit.  / < 
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Section  1 

INTRODUCTION 


This  public  health  and  environmental  assessment  (PHEA) 
analyzes  existing  and  potential  human  health  and 
environmental  effects  of  the  Warm  Springs  Ponds  Operable 
Unit  of  the  Silver  Bow  Creek  site  in  the  absence  of  remedial 
action  taken  by  the  State  or  the  U.S.  Environmental 
Protection  Agency  (EPA)  (the  no  action  alternative) . The 
no-action  alternative  is  defined  for  this  assessment  to 
include  continuation  of  current  operations  at  the  site, 
including  liming  of  incoming  surface  water  from  Silver  Bow 
Creek,  pump-back  of  groundwater  discharge  below  Pond  1,  and 
state  activities  related  to  the  Wildlife  Management  Area 
(WMA) . This  assessment  is  based  on  information  and  data 
presented  in  the  Remedial  Investigation  (Multitech,  1986a, 
1986b,  1986c,  1986d,  1987a,  1987b,  and  1987c) . 

The  purpose  of  this  document  is  to  determine  guantitatively 
and  gualitatively  the  potential  threat  to  human  health  and 
the  environment  as  a result  of  exposure  to  contaminants  at 
the  site  in  the  absence  of  state  or  EPA  remedial  action. 

This  assessment  is  required  by  Section  104  of  the 
Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act  (CERCLA)  and  by  Section  300.68  (f)(v)  of  the 
National  Contingency  Plan  (NCP) . 

Section  2 of  this  assessment  begins  with  a description  of 
the  site  and  the  various  characteristics  of  the  area  which 
are  important  to  the  examination  of  environmental  and  human 
risk.  Section  3 summarizes  the  data  available  to  perform 
this  assessment  and  its  usefulness  in  the  risk  assessment 
process . 

The  exposure  assessment  is  presented  in  Section  4 . Both 
human  and  environmental  receptors  are  identified  and 
exposure  scenarios,  intake  factors  and  exposure  point 
concentrations  are  determined.  Section  5 presents  the 
comparison  to  potentially  applicable,  relevant  or 
appropriate  requirements  and  other  health  based  criteria. 

In  Section  6 the  human  health  risk  is  determined,  while  in 
Section  7 the  environmental  risk  is  qualitatively  assessed. 
Section  8 outlines  the  limitations  and  uncertainties  in  the 
risk  assessment  process. 
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Section  2 

SITE  SETTING 

INTRODUCTION 


This  section  describes  the  environmental  setting  of  the 
project  area.  Selected  information  presented  in  this 
section  has  been  described  in  previous  reports.  It  includes 
the  location,  climate,  features,  land  use,  population  and 
demographics,  and  the  environment  of  the  operable  unit.  The 
geology,  hydrology,  and  soils  are  described  in  Chapter  1 of 
the  main  body  of  this  Feasibility  Study  (FS)  report  and  will 
not  be  repeated  here. 


PROJECT  BOUNDARIES  AND  LOCATION 


The  operable  unit  boundaries,  here  after  referred  to  as  'the 
site',  extend  from  the  intersection  of  Silver  Bow  Creek  and 
1-90  upstream  of  Pond  3 at  the  south  to  the  confluence  of 
the  Mill-Willow  Bypass  with  Warm  Springs  Creek  at  the  north. 
The  western  boundary  is  slightly  west  of  the  Mill-Willow 
Bypass  (although  east  of  1-90)  and  the  eastern  boundary  is 
the  interface  between  marsh  vegetation  and  upland  plant 
species  on  the  eastern  edge  of  the  ponds.  The  site 
boundaries  are  depicted  on  Figure  2-1. 

The  Warm  Springs  Ponds  are  located  within  Deer  Lodge  County, 
about  23  miles  northwest  of  Butte,  Montana.  The 
unincorporated  town  of  Opportunity  lies  at  the  southern-most 
edge  of  the  site,  west  of  1-90.  The  unincorporated  town  of 
Warm  Springs  is  at  the  northern  boundary,  adjacent  to  Pond  1 
on  the  west  side  of  1-90.  The  only  incorporated  town  within 
the  county  is  Anaconda,  approximately  6 miles  west  of  the 
site  along  Highway  48. 

CLIMATE  AND  METEOROLOGICAL  CONDITIONS 


At  4,800  feet,  the  site  has  a semi-arid  continental  climate 
with  annual  precipitation  averaging  13.2  inches  in  Anaconda. 
Most  precipitation  comes  in  the  winter  in  the  form  of  snow. 
Snow  cover  usually  forms  in  November  and  melts  in  March  to 
early  April.  Snow  in  higher  elevations  surrounding  the  site 
usually  melts  during  May  and  June.  Temperatures  range  from 
-40°  F in  the  winter  (the  ponds  are  ice-covered)  to  100°  F 
in  the  summer.  Summers  are  fairly  short  and  warm  with  46% 
of  the  annual  precipitation  occurring  in  May,  June  (22% 
falls  in  June  alone)  and  July  (Multitech,  1987a) . 

Winds  are  out  of  the  south/southeast  approximately  40%  of  the 
time.  Wind  speeds  are  greater  than  12  miles  per  hour  (mph) 
about  15%  of  the  time  and  can  easily  reach  30  mph  (Multitech, 
1987a) . 
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FLOODING 


Flooding  and  high  creek  flows  occur  primarily  in  May  and 
June,  those  months  with  high  rainfall  coupled  with  snow  melt 
at  higher  elevations.  Flows  during  a 100-year  flood  (4000 
cfs)  and  the  limits  of  the  100-year  floodplain  have  been 
determined  by  both  CH2M  HILL  (1988)  and  the  Corps  of 
Engineers  (IECO,  1981) . Figure  2-2  depicts  the  extent  of 
the  floodplain  at  the  site.  A flood  of  this  magnitude  would 
have  a high  probability  of  causing  overtopping  and  erosion 
of  Pond  2 and/or  Pond  1.  This  could  result  in  failure  of 
one  or  more  berms,  and  the  downstream  movement  of  pond 
sediment  and  tailings  ( CH2M  HILL,  1988) . 

The  probable  maximum  flood  ( PMF)  has  also  been  estimated  for 
the  site.  A PMF  of  146,000  cfs  is  several  orders  of 
magnitude  greater  than  the  100-year  flood  event  and  would 
eliminate  all  three  dams  of  the  pond  system  ( CH2M  HILL, 

1988)  . 


SITE  FEATURES 


The  predominant  feature  of  the  site  are  the  ponds  themselves 
(Figure  2-3).  Approximately  1700  acres  of  the  site  are 
covered  in  water,  525  acres  in  marsh  and  riparian  vegetation 
and  230  acres  are  exposed  sediments  (tailings) . Another  100 
acres  are  planted  in  small  grain  to  provide  forage  for 
wildlife  (Gallager,  1988) . 

Of  the  exposed  areas,  those  below  Pond  1 are  small, 
discontinuous  and  bordered  by  shrubby  vegetation.  These 
areas  tend  to  become  crusted  over  after  precipitation 
events.  The  center  cell  of  Pond  1 is  the  only  area  of 
exposed  sediments  within  Pond  1.  The  cell  to  the  east  is 
filled  with  water  and  the  cell  to  the  west  is  grass  covered. 
The  center  cell  does  become  crusted  over  after  a rainfall 
event.  Over  half  of  the  total  area  of  exposed  sediments  are 
in  the  Pond  2 vicinity.  About  half  of  these  sediments  are 
kept  moist  by  groundwater  that  lies  within  three  feet  of  the 
surface.  Exposed  sediments  in  the  Pond  3 area  are  also  kept 
moist  by  surface  expression  of  groundwater.  Tailings  of  the 
Mill-Willow  Bypass  usually  crust  over  after  a rainfall, 
often  forming  metals11  salts . 

The  ponds  are  man-made,  the  first  (Pond  1)  being  constructed 
in  1911  by  the  Anaconda  Minerals  Company  (AMC)  to  hold  and 
settle  metals  waste.  Dams  were  subsequently  constructed 
upstream  of  Pond  1 as  it  filled  with  sediment.  Pond  2 was 
constructed  in  1916  and  Pond  3 in  1959.  Both  latter  dams 
have  been  raised  5 feet  since  their  initial  construction, 
however,  all  have  a Corps  of  Engineers  hazard  potential 
rating  of  high  hazard  (Hydrometrics,  1983) . Additional 
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details  on  the  history  and  operation  of  the  ponds  can  be 
found  in  Chapter  1 of  this  FS  report. 

In  1967  the  Montana  Department  of  Fish,  Wildlife  and  Parks 
(MDFWP) , in  association  with  AMC,  constructed  a series  of 
smaller  ponds  between  Pond  2 and  Pond  3 to  provide  additional 
waterfowl  habitat.  These  ponds  are  known  locally  as  the 
Wildlife  Ponds.  They  receive  water  from  Pond  3 and  ultimately 
empty  into  the  Mill-Willow  Bypass. 

The  Mill-Willow  Bypass,  a two  mile  long  man-made  channel  to 
the  west  of  the  pond  system,  was  constructed  in  about  1969 
partially  through  tailings  deposits,  to  convey  water  in  Mill 
and  Willow  Creeks  around  the  pond  system.  In  addition  to 
waters  from  these  two  creeks,  groundwater  discharge  and 
discharge  from  the  Wildlife  Ponds  and  Pond  2 add  to  the 
total  flows  in  the  bypass  channel.  The  confluence  of  the 
Mill-Willow  Bypass  and  Warm  Springs  Creek  forms  the 
headwaters  of  the  Clark  Fork  River. 

Additional  adjacent  man-made  features  of  the  site  include 
Interstate-90,  immediately  west  of  the  ponds  (and  west  of  the 
bypass) ; the  Burlington  Northern  Railroad,  also  to  the  west, 
which  is  the  only  active  railroad  in  the  area;  and  the 
abandoned  Milwaukee  Railroad,  east  of  the  ponds  toward  the 
uplands . 

Another  major  man-made  feature  near  the  site  is  the 
Opportunity  Ponds.  These  ponds  are  not  within  the  site 
boundary,  but  they  discharge  surface  water  to  Pond  3 and 
groundwater  to  the  Mill-Willow  Bypass  and  therefore, 
influence  site  conditions.  The  ponds  cover  approximately 
3,500  acres  and  received  tailings  and  sewage  from  the  smelter 
complex  in  Anaconda.  Additional  details  on  the  Opportunity 
Ponds  and  their  influence  on  the  site  are  presented  in 
Chapters  1 and  2 of  this  FS  report. 

LAND  USE  AND  THE  HUMAN  POPULATION 


The  site  lies  within  Deer  Lodge  County.  The  county  does  not 
have  zoning  regulations  or  a formal  master  plan.  Estimates 
of  land  use,  population,  and  population  characteristics  in 
the  area  surrounding  the  site  were  obtained  from  discussions 
with  State  and  County  agency  personnel  who  live  in,  or  are 
familiar  with,  the  area  (Manning,  1988;  Gallager,  1988). 
Figure  2-3  depicts  the  general  land  use  of  the  site  and 
surrounding  area. 

The  land  within  a one-mile  radius  of  the  site  is  primarily 
open  and  agricultural.  East  of  the  pond  system,  the 
topography  rises  sharply.  Several  cattle  ranches  are 
located  on  the  bluffs  above  the  pond  system.  Approximately 
30  persons  live  in  this  area.  Water  is  obtained  from 
groundwater  wells  completed  in  bedrock.  Montana  Power 
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Company  operates  a gas  substation  on  the  east  side  of  the 
ponds.  Four  houses  are  maintained  for  employees  and  their 
families  in  which  13  persons  reside  (U.S.  HUD,  1980) . 

The  areas  to  the  north,  west,  and  south  are  also  primarily 
agricultural  with  scattered  residential  development. 
Immediately  north  of  Pond  1 on  Anaconda  property,  a series 
of  bee  hives  are  present  for  the  commercial  production  of 
honey.  This  operation  has  been  ongoing  since  the  early 
1970's  (Gallager , 1988). 

The  town  of  Warm  Springs  is  adjacent  to  the  northwest 
boundary  of  the  site,  west  of  1-90,  and  consists  primarily 
of  a post  office  and  a general  store/gas  station.  The 
population  of  Warm  Springs  is  approximately  300,  including 
the  State  Mental  Hospital  and  the  Montana  Women's 
Correctional  Facility.  The  populations  of  these  two 
facilities  are  variable.  The  residents  of  each  are  confined 
to  the  grounds  of  their  respective  facilities.  There  are 
approximately  70  households  in  the  Warm  Springs  area  with 
16%  of  the  total  population  under  18  years  old  (U.S.  HUD, 
1980) . Children  from  this  area  are  bused  into  Anaconda  to 
attend  school.  The  town  of  Warm  Springs  obtains  its  water 
from  a series  of  supply  wells  (10  wells)  constructed  in 
unconsolidated  deposits  of  the  upper  Deer  Lodge  Valley.  The 
Warm  Springs  Hospital  obtains  water  from  3 wells  located 
near  Warm  Springs  Creek  ( CH2M  HILL,  1983) . 

The  Montana  Department  of  Fish,  Wildlife  and  Parks  owns  a 
facility  south  of  the  hospital  that  was  previously  used  as  a 
bird  farm.  The  farm  is  no  longer  in  operation,  although  the 
area  is  still  used  by  MDFWP  and  1 employee  and  his  family 
live  on  the  grounds.  This  area  office  oversees  the  operation 
of  the  Warm  Springs  Wildlife  Management  Area.  Water  is 
obtained  from  the  State  Hospital  Wells  (Gallager,  1988) . 

A small  residential  development  is  located  southwest  of  the 
Warm  Springs  area  and  east  of  the  Opportunity  Ponds, 
adjacent  to  Highway  48.  About  10  to  15  homes  are  present 
with  about  50  residents.  Children  from  this  development  are 
bused  into  Anaconda  to  attend  school.  Residents  obtain 
water  from  individual  wells  (Manning,  1988) . 

Further  south  along  1-90,  south  of  the  Opportunity  Ponds,  is 
the  town  of  Opportunity.  Opportunity  has  a population  of 
about  750  persons.  Children  are  bused  into  Anaconda  to 
attend  school.  Opportunity  residents  use  wells  for  their 
water  supply  with  about  100  to  125  wells  located  within  the 
town  (CH2M  HILL,  1983). 

The  area  surrounding  the  site  is  not  anticipated  to  grow. 
Development  potential  for  this  area  is  low  as  the  employment 
opportunities  are  limited.  A reduction  in  population 
occurred  after  the  Anaconda  smelter  closed  in  1980  that  was 
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not  reflected  in  the  1980  census.  Informal  estimates 
indicate  the  population  surrounding  the  site  is  shrinking 
(Manning,  1988) . 


ENVIRONMENTAL  SETTING 

The  Warm  Springs  Ponds  are  leased  to  the  MDFWP  by  AMC  and 
are  designated  a Wildlife  Management  Area  (WMA) . Major 
management  emphasis  is  for  waterfowl  habitat,  although  a 
high-quality  brown  trout  fishery  is  present  in  the  Wildlife 
Ponds  and  hunting  and  trapping  are  permitted  there  as  well. 
This  section  will  describe  the  vegetation;  the  wildlife  that 
utilize  the  area,  both  birds  and  mammals;  and  the  fishery  in 
the  ponds. 

VEGETATION 


Terrestrial 


Approximately  525  acres  of  marsh  and  riparian  vegetation  are 
present  in  the  pond  system.  Hydrometrics  (1983)  performed  a 
reconnaissance-level  vegetation  survey  of  the  pond  system. 
Table  2-1  reproduces  the  results  of  that  survey. 

Apparently,  the  survey  did  not  include  several  of  the  more 
prominent  species  present  in  the  area,  namely;  cottonwoods 
( Populus  spp.),  yellow  willow  (Salix  rigida)  , and  white  willow 
( Salixalba ) . 

Figure  2-4  is  a map  of  the  vegetation  types  in  the  area, 
reproduced  from  the  1983  Hydrometrics  survey  (Multitech, 
1986a) . Vegetation  types  were  defined  according  to 
Batchelor  et  al.  (1982).  This  classification  scheme  can 
also  be  used  for  defining  habitat  in  the  area. 

In  addition  to  native  vegetation,  MDFWP  plants  winter  wheat, 
spring  wheat  and  barley  for  wildlife  and  waterfowl  in  a 
habitat  improvement  effort  and  to  keep  wildlife  out  of 
neighboring  fields. 

No  Federally  Threatened  and  Endangered  plant  species  or 
Montana  candidate  plants  occur  within  the  Warm  Springs  Ponds 
site  (Wood,  1988)  . 

Aquatics 

Aquatic  vegetation  found  in  the  ponds  during  a survey  by 
Neher  and  Weisel  (1977)  is  listed  on  Table  2-2.  The 
dominant  plant  is  duckweed  (Lemna  minor)  . Pond  2 fills  with 
and  is  often  choked  by  duckweed  in  the  summer  (Gallager, 

1988)  . 

Several  studies  have  been  conducted  on  algae  in  Silver  Bow 
Creek.  The  studies  addressed  species  present,  species 
diversity  and  densities.  Table  2-3  presents  a summary  of  the 
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APPENDIX  A TABLE  2-1 

TERRESTRIAL  VEGETATION  OF  THE  WARM  SPRINGS  PONDS  SITE  (1) 


SOURCE  (2) 


SCIENTIFIC  NAME 

COMMON  NAME 

HYDRO. 

(1983) 

NEHER  & 
WEISEL 
(1977) 

Agropyron  caninum 

Wheat  grass 

X 

A.  cristatum 

Crested  wheatgrass 

X 

X 

A.  smithii 

Western  wheatgrass 

X 

Agrostis  spp. 

Bentgrass 

X 

X 

A.  tenuis 

Colonial  bentgrass 

X 

Artemesia  absinthium 

Common  sagewort 

X 

A.  biennis 

X 

Aster  campestris 

Aster 

X 

A.  canascens 

Hoary  aster 

X 

A.  hesperius 

X 

A triplex  hortensis 

X 

Bidens  cemua 

X 

Bromus  spp. 

X 

B.  inermis 

Smooth  brome  grass 

X 

Cardaria  draba 

Whitetop 

X 

Car  ex  spp. 

X 

Centaurea  maculosa 

Spotted  knapweed 

X 

X 

Chenopodium  spp. 

X 

Chrysothamnus  nauseosus 

Rubber  rabbitbrush 

X 

C.  viscidiflorus 

Green  rabbitbrush 

X 

Cirsium  arvense 

X 

C.  vulgare 

X 

Clematis  ligusticifolia 

X 

Conzya  canadensis 

X 

Comus  sericea 

X 

Deschampsia  caespitosa 

Tufted  hairgrass 

X 

Distichlis  stricta 

Inland  saltgrass 

X 

Epilobium  adenocaulon 

X 

Equisetum  spp. 

Horsetail 

X 

Festuca  idahoensis 

Idaho  fescue 

X 

Gtyceria  grandis 

X 

Helianthus  spp. 

Sunflower 

X 

H.  annuus 

X 

Hordeum  jubatum 

Foxtail  barley 

X 

Juncus  spp. 

Rush 

X 

Juniperus  horizontalis 

Creeping  juniper 

X 

Lactuca  scariola 

X 

Linaria  vulgaris 

Butter  and  eggs  toadflax 

X 

Medicago  staiva 

Alfalfa 

X 

Melilotus  alba 

White  clover 

X 

M.  officianalis 

Yellow  sweet  clover 

X 

X 

Mentha  arvensis 

X 

Mentzelia  decapetala 

X 

M.  laevicaulis 

X 

Nepeta  cataria 

X 
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APPENDIX  A TABLE  2-1,  continued 


SOURCE  (2) 


SCIENTIFIC  NAME 

COMMON  NAME 

HYDRO. 

(1983) 

NEHER  & 
WEISEL 
(1977) 

Plantago  spp. 

Plantain 

X 

Polygonum  aviculare 

X 

P.  lapathifolium 

X 

Populus  spp. 

Cottonwood 

X 

Potentilla  fruticosa 

Shrubby  cinquefoil 

X 

Puccinellia  airoides 

X 

Ranunculus  sceleratus 

X 

Ratibida  columnifers 

X 

Rorippa  islandica 

X 

Rosa  spp. 

Rose 

X 

Rumex  paucifolius 

X 

R triangulialvis 

X 

Salix  mryptillifolia 

Firmleaf  willow 

X 

Salix  alba 

White  Willow 

X 

Salix  rigida 

Yellow  Willow 

X 

Solidago  spp. 

Goldenrod 

X 

S.  gigantea 

X 

Spartina  gracilis 

Alkali  cordgrass 

X 

Sporobolus  airoides 

Alkali  sacaton 

X 

Tanacetum  vulgare 

X 

Triglochin  maritimum 

Shore  arrowgrass 

X 

Typha  latifolia 

Cattail 

X 

X 

Urtica  gracilis 

X 

Verbascum  blattaria 

X 

V thapsus 

X 

(1) .  Source:  Multitech,  1986a. 

(2) .  An  X indicates  a sighting  by  that  source. 
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APPENDIX  A TABLE  2-2 

AQUATIC  PLANTS  COLLECTED  AT  THE  WARM  SPRINGS  PONDS  1 


COLLECTION  LOCATION  2 


SCIENTIFIC  NAME 

COMMON  NAME 

POND  1 

POND  3 

Anacharis  canadensis 

Waterweed 

Open  water 

Open  water 

Bechmannia  syzigachne 

Sloughgrass 

Open  water 

Open  water 

Catabrosa  aquatica 

Brookgrass 

Sediment 

Sediment 

Eleocharis  ovata 

Spikerush 

Sediment 

Sediment 

Glyceria  grandis 

Mannagrass 

Open  water 

Open  water 

Lemna  minor 

Duckweed 

Open  water 

Open  water 

Polygonum  amphibium 

Smartweed 

Open  water 

Open  water 

Ranunculus  aquatilis 

Buttercup 

Open  water 

Open  water 

Rorippa  Nasturtium-aquaticum 

Cress 

Open  water 

Open  water 

Rumex  persicaroides 

Dock 

Sediment 

Sediment 

Scirpus  validus 

Bulrush 

Sediment 

Sediment 

Sium  suave 

Waterparsnip 

Open  water 

Open  water 

Sparganium  multipedunculatum 

Burreed 

Open  water 

Open  water 

Veronica  americana 

Speedwell 

Open  water 

Sediment 

Zannichelia  palustris 

Horned  Pond  weed 

Open  water 

Sediment 

1 Source:  Neher  and  Weisel,  1977. 

2 "Open  water"  means  the  plant  was  collected  from  an  open  water  habitat. 
"Sediments"  means  the  plant  was  collected  on  sediment  at  the  edge  of  the  pond. 
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APPENDIX  A TABLE  2-3 

ALGAL  SPECIES  FOUND  IN  THE  WARM  SPRINGS  PONDS  AND  VICINITY. 


SCIENTIFIC  NAME 


Achnanthes  minutissima 
Achnanthes  sp. 

Anabaena  sp. 
Chlamydomonas  spp. 
Chlorella  sp. 

Cladophora  sp. 
Cymatopleura  solea 
Euglena  sp. 

Flagellated  chrysophyte 
Fragilaria  vaucheriae 
Lyngbya  aerugineo-carulea 
Navicula  sp. 

Nitzschia  palea 
Oscillatoria  sp. 

Pediastrum  sp. 
Phaeodermatium  rivulare 
Phormidium  spp. 
Scenedesmus  sp. 

Synedra  ulna 
Spirogyra  sp. 

Stigeoclonium  tenue 
Surirella  sp. 

Ulothrix  sp. 


COLLECTION  LOCATION 


TYPE* 1 

POND  3 

POND  2 

POND  1 

DOWNS 

up: 

D 

X2-3 

X3 

D 

X4 

X4 

BG 

X4 

X4 

G 

X4 

X4 

G5 

X4 

X4 

G5 

X6 

X6 

X6 

D 

X4 

X4 

E5 

X4 

X4 

D 

X4 

X4 

D 

X4-6 

X4’6 

X6 

X3 

X3 

BG 

X2 

D 

X6 

X6 

X6 

X3 

X3 

D 

X4 

X4 

X2-3 

X3 

BG 

X6 

X6 

G5 

X4 

X4 

BG 

X2’3 

G5 

X4 

X4 

D5 

X4 

X4 

X3 

G5 

X6 

G 

D 

X4 

X4 

X3 

G5 

X6 

1 Indicates  type  of  algae: 

D = diatom 
BG  = blue-green  algae 
G = green  algae 
E = evglenoid  algae 

2 Source:  Janik  and  Melacon,  1981. 

3 Source:  Bahls,  1979. 

4 Source:  Bahls,  1985. 

5 Species  concentrates  trace  metals. 

6 Source:  deRuiter,  1984. 


various  studies  with  respect  to  the  area  upstream,  in,  or 
downstream  of  the  ponds  and  species  present.  This  tables 
shows  that,  in  general,  species  in  the  ponds  are  similar  to 
those  upstream  of  the  ponds  and  that  blue  green  algae 
dominate,  but  diatoms  are  present.  Multitech  (1986c) 
presented  data  showing  the  diatom  diversity  index  was  similar 
both  upstream  of  the  ponds  and  downstream  in  the  Clark  Fork 
River. 

The  literature  reports  that  algae  have  the  ability  to 
bioconcentrate  trace  metals  out  of  their  aquatic  environment 
(Multitech,  1986c) . An  investigation  into  the  potential  of 
this  phenomenon  occurring  in  the  Warm  Springs  Ponds  was 
conducted  as  part  of  the  remedial  investigation  for  the 
site.  The  results  of  this  investigation  and  a literature 
review  of  metal  accumulation  by  algae  are  presented  in 
Multitech  (1986c) . Nine  algal  species  present  in  the  study 
area  have  been  shown  by  other  investigators  to  concentrate 
trace  metals.  These  species  are  indicated  on  Table  2-3. 
deRuiter  (1984)  published  data  indicating  that  algae  in  the 
Warm  Springs  Ponds  have  higher  concentrations  of  metals  than 
the  water  samples  collected  from  the  ponds.  Based  on  the 
deRuiter  study  and  the  results  of  the  1985  investigation 
(Multitech,  1986c) , the  RI  concluded  that  algae  in  Warm 
Springs  Pond  2 removed  metals  from  water  entering  the  ponds 
and  the  algae  were  retained  within  the  ponds. 

Algae  may  also  act  to  facilitate  precipitation  of  metals 
dissolved  in  the  water.  During  photosynthesis  algae 
assimilate  carbon  dioxide  out  of  solution,  thereby 
increasing  the  pH  of  the  water.  With  an  increase  in  pH, 
some  metals  will  precipitate  out  of  solution  (Multitech, 
1987a) . 


WILDLIFE 


Birds 


An  abundance  of  wildlife  utilizes  the  pond  system.  Bird  use 
of  the  area  is  high,  waterfowl  production  is  good,  resident 
populations  are  high,  and  use  of  the  area  for  breeding  by 
other  than  waterfowl  is  increasing  (Gallager,  1988) . Table 
2-4  lists  those  species  of  birds  common  to  the  Deer  Lodge 
area  and  those  that  have  been  documented  to  occur  at  the 
ponds,  both  as  residents  and  migratory  species. 

The  area  is  attractive  to  waterfowl  and  other  birds  because 
of  the  relatively  shallow  water,  macrophytes,  fish 
populations,  and  minor  disturbance  potential.  In  addition, 
MDFWP  has  an  intensive  habitat  enhancement  program;  building 
and  improving  nesting  habitat,  constructing  islands  for 
goose  nesting,  improving  brood  rearing  areas,  and  farming 
small  areas  in  grain  for  forage.  A delay  in  the  opening  of 
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APPENDIX  A TABLE  2-4 

BIRDS  SIGHTED  ON  THE  WARM  SPRINGS  PONDS  1 

TYPE  OF  USE 


COMMON  NAME 

NESTING 

COMMON 

Common  Loon 

X 

Grebe 

Red  Necked 

X 

Homed 

Eared 

X 

Western 

X 

Pied  Billed 

Double  Crested  Cormorant 

Great  Blue  Heron 

X 

Whistling  Swan 
Goose 

Canada 

X 

Snow 

Mallard 

X 

Pintail 

X 

Gadwall 

X 

Teal 

Green 

X 

Blue  Winged 

X 

Cinnamon 

X 

Widgeon 

American 

X 

European 

Nothern  Shoveler 

X 

Duck 

Red  Head 

X 

Ring  Necked 

X 

Canvas  Back 

X 

Lesser  Scaup 

X 

Common  Golden  Eye 

X 

Barrow  Golden  Eye 

X 

Buffle  Head 

X 

Ruddy 

X 

Mergenser 

Common 

X 

Red  Breasted 

X 

Hooded 

Hawk 

Red  Tailed 

X 

Rough  Legged 

X 

Marsh 

X 

Sharp  Shinned 

Common  Night 

X 

Osprey 

X 

X 

Kestrel 

MIGR 


X 


X 

X 


RARE 


X 


X 


X 


2-15 


APPENDIX  A TABLE  2-4,  continued 


TYPE  OF  USE 


COMMON  NAME  NESTING  COMMON  OCC  MIGR 


Eagle 

Golden 

Bald 

Ring  Necked  Pheasant 
Gray  Partridge 
Virginia  Rail 
Sara 

American  Coot 
Killdeer 
Common  Snipe 
Willet 

Greater  Yellow  Legs 
Lesser  Yellow  Legs 
Spotted  Sandpiper 
Long  Billed  Dowitcher 
American  Avocet 
Black  Necked  Stilt 
Phalarope 
Welson 
Northern 
Gull 

California 
Ring  Billed 
Bonaparte 
Tern 
Common 
Black 
Caspain 
Dove 
Rock 
Mourning 
Owl 

Great  Homed 
Long  Eared 
Belted  Kingfisher 
Common  Flicker 
Eastern  Kingbird 
Say’s  Phoebe 
Willow  Flycatcher 
Swallow 
Violet-Green 
Tree 
Bank 

Rough  Winged 
Barn 
Magpie 


X 

X 

X 

X 

X 

X 


X 


X 


X 

X 

X 

X 


X 


X 


X 

X 

X 


X 

X 

X 


X 


X 

X 

X 

X 


X 

X 

X 

X 


X 

X 


RARE 


X 
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APPENDIX  A TABLE  2-4,  continued 


TYPE  OF  USE 


COMMON  NAME  NESTING  COMMON  OCC.  MIGR 


Lark 


Horned 

X 

Western  Meadow 

X 

Common  Raven 

X 

Common  Crow 

X 

Chickadee 

Black  Capped 

X 

Mountain 

X 

Long  Billed  Marsh  Wren 

X 

Robin 

X 

Veery 

X 

Swainson’s  Thrushs 

Mountain  Bluebird 

X 

Water  Pipet 
Waxwing 

Cedar 

X 

Bohemian 

X 

Northern  Shrike 

X 

Starling 

X 

Warbling  Vereo 

X 

Warbler 

Yellow 

X 

Yellow  Rumped 

X 

MacGillivray’s 

X 

Common  Yellow  Throated 

X 

Wilson’s 

American  Redstart 
Sparrow 

House 

X 

Savannah 

X 

Vesper 

X 

Tree 

X 

Brewer’s 

X 

White  Crowned 

X 

Chipping 

X 

Song 

X 

Blackbird 

Yellow  Headed 

X 

Red  Winged 

X 

Brewer’s 

X 

Cowbirds 

X 

Common  Grackle 

X 

American  Goldfinch 

X 

Pine  Siskin 

Dark  Eyed  Junco  X 

Snow  Bunting  X 

White  Faced  Ibis 
1 Source:  Gallager,  1988. 


X 

X 


X 

X 


RARE 


fishing  season  in  the  area  was  prompted  by  MDFWP  to  allow 
more  time  for  undisturbed  incubation  of  waterfowl  nests  to 
increase  the  success  of  brood.  If  disturbed,  hens  are 
likely  to  desert  the  nest  with  a subsequent  reduction  in 
production. 

Brood  surveys  are  conducted  by  MDFWP  in  an  effort  to 
determine  waterfowl  production  at  the  ponds.  Surveys  are 
conducted  using  vehicles  and  a spotting  scope  to  count  the 
species  and  number  of  ducklings  per  brood  spotted.  Surveys 
are  conducted  four  times  a year  at  4-week  intervals. 

Production  is  determined  by  the  number  of  new  broods  of  each 
species  for  each  survey.  New  broods  are  determined  by  using 
an  age-class  criteria  that  eliminates  duplicate  counts  of 
broods  on  each  subsequent  survey  (Gallager,  1988) . 

Duck  production  appears  to  be  highest  during  the  late  summer 
on  Ponds  2 and  3.  Production  of  the  Wildlife  Ponds  is  low 
in  comparison  to  the  other,  older  ponds.  Table  2-5  presents 
the  production  figures  for  the  years  1986  and  1987. 

Production  was  down  in  1987  from  1986  and  the  rationale 
given  by  MDFWP  is  greater  human  activity  in  the  pond  area. 
Still,  approximately  680  ducklings  were  produced  on  the 
ponds  in  1987  (Gallager,  1988) . 

Total  population  of  waterfowl  on  the  ponds  was  determined  by 
counts  conducted  3 days  prior  to  the  opening  of  duck  hunting 
season.  The  hunting  season  follows  Federal  regulations  and 
opens  in  October  for  90  days.  Counts  of  4,237  ducks  and 
5,540  coots  on  Ponds  1,  2,  and  3 were  made  in  1987.  The 
goose  population  was  estimated  at  350. 

MDFWP  also  operates  check  stations  on  opening  day  of  hunting 
season  and  other  selected  days  through  the  season.  The  object 
of  the  check  stations  are  to  determine  the  origin  and  number 
of  hunters,  harvest,  hunting  pressure,  and  distribution  of 
pressure  throughout  the  pond  system.  Table  2-6  presents  the 
figures  for  1986  and  1987. 

Most  hunters  (95%  in  1986  and  89%  in  1987)  are  local,  from 
the  Anaconda/Opportunity/Warm  Springs  area.  Hunters  also 
come  from  more  distant  locations  such  as  Butte,  Deer  Lodge, 
Missoula,  and  Great  Falls.  Numbers  of  hunters  dropped 
through  the  season,  with  the  greatest  drop  in  numbers  from 
more  distant  locations.  The  average  hunter  spent  2.3  hours 
for  each  duck  harvested  and  harvested  an  average  of  1.5 
ducks  per  day.  Observations  by  MDFWP  employees  indicate 
most  hunters  are  finished  for  the  day  by  11  a.m.,  however, 
many  return  in  the  evenings.  Opening  weekend  of  either  year 
yielded  the  greatest  number  of  ducks  harvested. 

In  addition  to  waterfowl,  the  pond  system  provides  habitat 
for  many  other  bird  species.  Population  estimates  are  not 
available  for  species  other  than  waterfowl  and  sandhill 
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APPENDIX  A TABLE  2-5 

WATERFOWL  PRODUCTION  ESTIMATES  BY  LOCATION  (1) 
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APPENDIX  A TABLE  2-6 
WATERFOWL  HUNTING  INFORMATION  (1) 
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cranes.  In  1987,  a sandhill  crane  survey  was  conducted  in 
the  Deer  Lodge  area.  Approximately  142  cranes  were  sighted 
at  the  Warm  Springs  Ponds,  primarily  congregated  in  the 
grain  fields.  This  represents  a conservative  estimate  which 
is  down  from  previous  years  due  to  tactics  taken  to  keep  the 
birds  out  of  the  grain  fields  (Gallager,  1988) . Blue  herons 
are  a common  sight  at  the  ponds,  and  have  established  a 
rookery  in  the  cottonwood  grove  east  of  Pond  2.  A pair  of 
osprey  nest  in  the  area  and  have  produced  young  in  past 
years.  In  1987,  a bald  eagle  pair  built  a nest.  However, 
it  appeared  the  birds  were  immature  and  no  brood  was 
produced.  The  pair  returned  to  the  site  in  1988  but  did  not 
nest  (Gallager,  1988) . The  pair  returned  again  in  March 
1989.  The  ponds  were  still  frozen  and  the  eagles  left  after 
one  week  and  did  not  return  (Gallager,  1989) . This  species 
is  listed  as  Endangered  by  the  U.S.  Fish  and  Wildlife 
Service  (Wood,  1988)  . 

Another  Federally  listed  Threatened  and  Endangered  species, 
in  addition  to  the  bald  eagle,  that  could  potentially  be 
present  in  the  area,  is  the  Peregrine  falcon.  This  species 
has  been  sighted  in  the  Deer  Lodge  Valley,  but  not  at  the 
ponds.  There  are  no  known  nesting  territories  for  the 
Peregrine  in  the  vicinity  of  the  ponds  (Wood,  1988) . 

Mammals 

Species  present  in  the  pond  area  include  those  typical  of 
the  habitat,  including:  mule  deer  and  white-tailed  deer 
which  are  found  in  the  shrub/scrubland  dominated  by  willow 
upstream  of  Pond  3 (an  occasional  sighting  of  moose  is 
reported  from  this  area  as  well) ; fox,  coyote,  badger, 
muskrat,  rabbit,  beaver,  otter,  ground  squirrel,  and  mice. 

A more  complete  species  list  is  not  available  for  this  area 
and  no  population  estimates  have  been  made. 

The  area  outside  of  the  Wildlife  Management  Area  is  open  for 
deer  and  rabbit  hunting  by  State  permit.  Estimates  of  the 
number  of  animals  harvested  from  this  area  are  not 
available.  It  is  not  anticipated  to  be  a large  number  as 
the  total  area  of  suitable  habitat  is  fairly  small 
(Gallager,  1988) . The  MDFWP  controls  trapping  in  this  area, 
issuing  permits  to  trap  for  otter,  muskrat,  beaver,  fox,  and 
coyote.  The  area  within  which  a permit  holder  may  trap  is 
restricted  to  the  WMA.  Currently  nine  permit  holders  take 
animals  from  this  area  from  November  to  April.  The  total 
number  of  each  species  taken  in  1987  was:  otter  - 1;  muskrat 
- 412;  beaver  - 22;  and  fox  - 8.  In  1986,  196  muskrat  and 
16  beaver  were  taken  in  traps. 

No  Federally  listed  Threatened  and  Endangered  mammals  are 
present  in  this  area,  according  to  the  U.S.  Fish  and 
Wildlife  Service  (Woods,  1988) . 


2-21 


Fish 


The  fisheries  resource  of  the  Warm  Springs  Ponds  is 
classified  as  a high  priority  resource  (MDFWP,  1980) . No 
quantitative  population  estimates  exist  for  the  area.  MDFWP 
is  primarily  interested  in  fish  size  and  growth  rate,  not 
overall  populations  as  this  is  a catch  and  release  fishery 
(Multitech,  1986) . 

The  species  present  in  each  pond  vary  depending  on  pond 
depth,  food  sources,  etc.  In  the  southern-most  pond,  Pond  3, 
the  following  species  have  been  netted  by  MDFWP:  brown  trout 
( Salmo  trutta)  , cutthroat  trout  ( Salmo  clarki)  . redside  shiner 
( Richardsonius  balteatus)  and  coarse-scale  sucker  ( Catostomus  spp.). 
The  outlet  channel  from  Pond  3 to  Pond  2 contains  these  same 
species . 

Pond  2 has  large  numbers  of  coarse-scale  sucker  and  redside 
shiner.  This  pond  was  inadvertently  stocked  with  trout  two 
years  ago,  but  the  pond  is  shallow  and  not  conducive  to 
trout  survival.  The  Hog  Hole  (see  Figure  2-3  to  distinguish 
between  the  Wildlife  Ponds)  supports  large  trout  (10  to  12 
lb.),  predominantly  brown,  with  some  rainbow  trout  ( Salmo 
gairdneri ) , redside  shiner,  and  coarse-scale  sucker.  This  pond 
is  one  of  the  prime  spots  in  Montana  to  catch  large  trout  on 
a fly.  The  adjacent  wildlife  pond  was  stocked  with  brown 
trout,  but  their  survival  rate  is  unknown.  The  Mill-Willow 
Bypass,  below  the  Pond  2 discharge  supports  coarse-scale 
sucker,  mountain  white  fish  ( Prosopium  mlliamsoni)  , brown  trout 
and  rainbow  trout. 

Food  sources  for  fish  are  primarily  amphipods  and  insects. 
Freshwater  shrimp  are  expected  to  be  abundant.  Midge 
emergences  occur  on  all  ponds,  while  mayfly  emergences  seem 
to  be  restricted  to  the  Hog  Hole.  Flowing-water  segments 
support  caddisfly  populations. 

The  current  fishing  season  on  the  Wildlife  Ponds  and  Pond  2 
has  been  split  into  May  through  June  and  reopens  the  middle 
of  August  through  September.  This  is  to  allow  for  greater 
duck  brood  survival.  On  Pond  3,  the  season  extends  from  May 
through  September  (Hadley,  1988) . 

Fisherman  log  data  are  obtained  by  the  MDFWP  to  estimate 
statewide  fishing  pressure.  Estimates  are  obtained  through 
the  mail  from  fishermen  who  have  agreed  to  participate  in 
the  survey  (logholders) . No  specific  data  are  available  on 
the  Warm  Springs  Ponds  (McFarland,  1988) . However,  MDFWP 
personnel  have  estimated  fishing  pressure  on  the  ponds  in 
the  early  part  of  the  season  to  be  10  angler  days/day,  which 
declines  throughout  the  season.  Most  fishermen  are  local, 
but  during  the  summer,  fishermen  are  present  from  all  over 
the  U.S.  (Hadley,  1988). 
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Section  3 

DATA  EVALUATION  AND  LIMITATIONS 


INTRODUCTION 


The  nature  and  extent  of  contamination  has  been  presented  in 
Chapter  2 of  this  FS  report.  Basically,  data  obtained 
during  Phase  I and  Phase  II  investigations  indicate 
contamination  in  groundwater  (predominantly  in  the  shallow 
groundwater  aquifer  immediately  downgradient  of  the  Pond  1 
berm) , surface  water  (although  contaminant  concentrations 
decrease  in  pond  outflow  as  compared  to  inflow) , and 
sediments . 

This  section  summarizes  the  data  available  for  the  Warm 
Springs  Ponds  and  its  usefulness  in  the  risk  assessment 
process.  Limitations  of  the  data  are  identified  (examples 
of  limitations  include;  locations  are  not  representative  of 
the  overall  site  conditions,  the  depth  of  the  sample  is  not 
useful  for  determining  surficial  contamination,  etc.). 
Additional  data  needs  are  identified.  Information  is  also 
provided  on  the  dates  of  data  collection,  the  locations  of 
sample  collection,  the  total  number  of  samples  taken  at  each 
location  and  the  maximum  reported  value  for  each  constituent 
analyzed  and  the  average  value  of  the  constituent  over  the 
sampling  phase.  Data  are  presented  for  groundwater;  surface 
water;  sediments  (pond  bottom,  exposed,  and  Mill-Willow 
Bypass) ; air;  and  biota. 


GROUNDWATER 


SAMPLE  COLLECTION 

Groundwater  data  were  obtained  in  both  the  Phase  I and  Phase 
II  investigation.  Phase  I activities  included  sampling 
twelve  existing  monitoring  and  domestic  wells  between 
November  1984  and  November  1985.  Also  during  Phase  I,  five 
monitoring  wells  were  installed;  four  below  Pond  1 (two  duel 
completion,  one  shallow,  one  deep)  and  one  upgradient  deep 
well.  These  wells  were  sampled  twice,  December  1985  and 
January  1986.  Samples  were  only  analyzed  for  dissolved 
arsenic,  dissolved  cadmium,  dissolved  copper,  dissolved 
iron,  dissolved  lead  and  dissolved  zinc.  In  general,  the 
data  indicated  higher  concentrations  of  metals  in  the 
shallow  monitoring  wells  below  Pond  1 as  compared  to  the 
upgradient  well.  The  data  for  these  wells  are  presented  and 
discussed  in  Remedial  Investigation,  Final  Report, 
Groundwater  and  Tailings  Investigation,  Appendix  B 
(Multitech,  1987b) . 

Phase  II  activities,  conducted  in  late  1987  and  completed  in 
1989  consisted  of  the  installation  of  17  additional  single 
and  dual  completion  wells,  upgradient,  adjacent  to, 


3-1 


and  downgradient  of  the  pond  system.  One  round  of  sampling, 
including  Phase  I monitoring  wells,  has  been  completed  and 
the  data  validated. 

Monitoring  and  domestic  wells  in  the  vicinity  of  the  Warm 
Springs  Ponds  are  shown  on  Figure  3-1. 


RESULTS 


The  domestic  well  sampling  conducted  during  Phase  I was  not 
repeated  in  Phase  II.  Table  3-1  presents  the  data  for  the 
domestic  wells  adjacent  to  and  downgradient  of  the  ponds, 
(i.e.,  wells  that  are  most  likely  to  be  impacted  by 
contaminants  at  the  site.)  The  location  of  these  wells  is 
depicted  on  Figure  3-1.  Most  of  these  wells  were  sampled 
only  once  during  Phase  I,  except  for  the  State  Mental 
Hospital  well,  DW-405.  It  was  sampled  three  times  in  1985. 
The  data  presented  on  Table  3-1  for  this  well  are  an  average 
of  all  values  available,  which  were  primarily  values  at  the 
detection  limits.  Wells  on  the  east  side  of  the  ponds  up 
from  the  valley  floor,  DW-407  and  DW-408,  are  installed  in 
bedrock.  Well  DW-408  did  not  show  evidence  of  contamination 
during  the  1985  sampling  (Well  DW-407  was  not  sampled) . The 
closest  wells  downstream  of  the  ponds  are  1\  and  2 miles 
north  (DW-501  and  DW-502A)  and  did  not  show  evidence  of 
contamination  (values  of  constituents  are  below  detection 
limits) . Most  all  constituents  were  below  detection  limits. 
Concentrations  of  constituents  that  were  found  above 
detection  limits  were  below  the  concentrations  found  in 
wells  upgradient  of  the  ponds. 

Phase  I monitoring  well  data  are  limited  and  do  not 
adequately  describe  the  the  spatial  and  vertical 
distribution  of  contaminants  at  the  site.  Some  of  the  data 
obtained  were  outside  set  quality  control  limits.  These 
data,  however,  are  useful  in  determining  that  contamination 
was  present  at  the  site  at  the  time  of  sampling  and 
possibly,  in  determining  gross  changes  in  concentration  of 
contaminants  over  time  (between  1985  and  1988) . 

Phase  II  data  are  recent,  of  better  quality,  and  are  more 
characteristic  of  the  site  in  terms  of  the  distribution  of 
contamination,  both  spatially  over  the  site  and  vertically 
under  the  site.  These  data  are  the  most  useful  in  assessing 
risk. 

Phase  II  groundwater  data  are  grouped  to  provide  a means  of 
assessing  groundwater  quality  in  areas  of  similar 
characteristics  within  the  operable  unit.  The  wells  were 
grouped  because  of  similar  groundwater  chemistry  and  like 
hydraulic  characteristics  of  an  area.  The  areas  and  well 
groupings  are  shown  on  Figure  3-2  and  include:  the  area 
upgradient  of  the  pond  system;  the  area  between  the  Mill- 
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APPENDIX  A TABLE  3-1 

DATA  FROM  DOMESTIC  WELLS  IN  DIRECTION  OF  GROUNDWATER  FLOW.  (1) 
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Willow  Bypass  and  the  Warm  Springs  Pond  system;  the  Pond  1 
area;  and  the  area  immediately  downgradient  of  Pond  1.  The 
grouping  of  wells  between  the  Mill-Willow  Bypass  and  the 
pond  system,  within  Pond  1,  and  the  area  below  Pond  1 were 
divided  into  shallow  and  deep  components  based  on  lithologic 
considerations.  A shallow  sand  and  gravel  aquifer, 
generally  less  than  15  feet  below  ground  surface  is 
typically  separated  by  a fine-grained  stratigraphic  unit 
from  an  underlying  sand  aquifer  generally  24  to  40  feet 
below  ground  surface.  The  separation  of  groundwater  quality 
data  between  these  two  aquifers  seemed  logical.  Data  are 
presented  for  these  groupings  in  Tables  3-2  through  3-5.  In 
addition,  data  obtained  from  the  Clark  Fork  River  alluvial 
aquifer  from  monitoring  wells  located  approximately  h mile 
downstream  of  the  Pond  1 berm  were  grouped  to  provide  an 
average  and  maximum  value  for  assessing  groundwater 
conditions  downgradient  of  the  site.  These  data  are 
presented  in  Table  3-2. 

The  data  presented  in  these  tables  include  the  maximum 
reported  value  and  the  arithmetic  average  for  each 
parameter,  and  the  number  of  times  the  parameter  was 
detected  above  detection  limits  out  of  the  total  number  of 
times  it  was  analyzed  for.  Arithmetic  averages  were 
calculated  in  place  of  geometric  means  because  of 
constraints  on  the  data  base.  Arithmetic  averages  are 
slightly  higher  than  geometric  means,  but  the  two  are  not 
disparingly  dissimilar.  For  the  purpose  of  this  report,  use 
of  arithmetic  averages  will  not  grossly  misrepresent 
concentration  distributions.  Values  are  reported  primarily 
for  dissolved  metals  parameters,  indicating  the  samples  were 
filtered  prior  to  preservation.  In  calculating  averages  for 
well  groupings  in  which  some  sample  concentrations  are 
reported  as  below  detection,  one-half  the  detection  limit 
was  used  as  the  value  for  the  sample.  This  method  is  used 
in  calculating  averages  for  risk  assessment  purposes  because 
the  actual  concentration  may  be  between  zero  and  a value 
just  below  the  reported  detection  limit.  Use  of  one-half 
the  detection  limit  attempts  to  level  out  the 
underestimating  (from  using  zero  as  the  detection  limit)  and 
overestimating  (from  using  the  actual  detection  limit)  of 
average  concentrations.  Averages  in  which  one-half  the 
detection  limit  was  used  are  denoted  by  a "less  than"  (<) 
sign  in  front  of  the  value.  Averages  were  calculated  for 
all  parameters  with  at  least  5%  of  the  samples  above  the 
detection  limit.  At  a frequency  less  than  5%,  the  maximum 
value  reported  is  given  and  no  average  is  calculated. 
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APPENDIX  A TABLE  3-2 

PHASE  II  MONITORING  WELL  GROUNDWATER  DATA  SUMMARY 
UPGRADIENT  AND  CLARK  FORK  RIVER  WELLS 
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(2) .  Maximum  reported  concentration. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 
(A).  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation  of  the  average. 

NOTE:  Averages  may  be  rounded.  Blanks  indicate  no  samples  analyzed  for  parameter. 


APPENDIX  A TABLE  3-3 

PHASE  II  MONITORING  WELL  GROUNDWATER  DATA  SUMMARY 
MILL-WILLOW  BYPASS  TO  THE  PONDS 
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(1) .  The  expression  (n  = x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentration. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 

(4) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation  of  the  average. 

NOTE:  Averages  may  be  rounded.  Blanks  indicate  no  samples  analyzed  for  parameter. 


APPENDIX  A TABLE  3-4 

PHASE  II  MONITORING  WELL  GROUNDWATER  DATA  SUMMARY 
WITHIN  POND  1 
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(2) .  Maximum  reported  concentration. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 

(4) .  Mean  values  with  a < sign  indicate  1/2  DL  was  used  in  the  calculation  of  the  average. 

NOTE:  Averages  may  be  rounded.  Blanks  indicate  no  samples  analyzed  for  parameter. 
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PHASE  II  MONITORING  WELL  GROUNDWATER  DATA  SUMMARY 
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SURFACE  WATER 


SAMPLE  COLLECTION 


Surface  water  data  were  obtained  during  the  Phase  I remedial 
investigation  (RI) , the  supplemental  Phase  I Rl  and  the 
ongoing  Phase  II  RI.  The  Phase  I Rl  sampled  15  stations 
around  and  within  the  ponds  for  a period  of  ten  months  from 
December  1984  to  August  1985.  In  July  1985  samples  were 
taken  from  all  sampling  stations  once  or  twice  to  determine 
base  flow  conditions.  Supplemental  RI  work  in  1986  included 
sampling  of  four  stations  in  the  pond  area  two  to  six  times 
in  order  to  obtain  spring  high  flow  data.  Surface  water 
sampling  stations  are  shown  on  Figure  3-3. 

Phase  II  Rl  work  began  in  1987  at  locations  in  the  ponds 
shown  on  Figure  3—3  in  an  effort  to  determine  both  seasonal 
and  diurnal  water  chemistry.  Samples  were  taken  on  a 24- 
hour  basis  during  September  1987,  January  1988,  April  1988, 
and  July  1988.  These  data  were  not  available  when  the  PHEA 
was  drafted  and  have  not  been  incorporated.  Phase  I samples 
provide  data  over  a broader  range  of  flow  than  Phase  II  and 
may  be  more  indicative  of  longer-term  surface-water 
conditions . 

RESULTS 


Surface  water  sampling  locations  and  frequencies  provide 
wide-spread  repetitive  samples  throughout  the  site. 

Sampling  locations  give  a good  spatial  representation  of  the 
site.  Sampling  stations  remained  the  same  over  the  years 
and  therefore,  data  are  generally  comparable.  The  only 
limitation  to  this  is  that  the  Phase  I sampling  was 
conducted  when  the  inflow  to  the  ponds  was  not  being  limed. 
Supplemental  samples  and  Phase  II  samples  were  collected 
after  liming  was  initiated.  Liming  affects  the 
concentration  of  dissolved  metals  by  decreasing  the  acidity 
(increasing  the  pH)  of  the  water  and  precipitating  out 
dissolved  metals.  It  also  enhances  the  aggregation  and 
settling  of  particulate  material  which  would  affect  the 
total  metal  concentration.  Surface  water  samples  in  the 
Mill-Willow  Bypass  would  not  be  affected  by  liming  and 
should  therefore  be  comparable  for  all  years. 

Samples  were  analyzed  for  dissolved  metals  by  filtering  the 
sample  prior  to  preservation,  for  total  metals  by  not 
filtering  samples,  and  for  acid  extractable  metals  by 
preserving  the  sample  in  the  field  and  then  filtering  prior 
to  extraction  to  determine  metals  that  were  weakly  held  to 
solids  in  the  water  column. 

Data  from  sampling  stations  are  summarized,  within  each 
sampling  phase,  in  an  effort  to  provide  information  for 
assessing  the  conditions  of  the  total  water  body  within  a 
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given  time  period.  This  either  required  the  grouping  of 
several  sampling  stations,  or  was  provided  by  averaging  all 
data  obtained  from  one  sampling  station  in  a given  time 
period.  Sample  locations  were  grouped  to  provide  data  on; 
inflows  to  the  pond  system,  outflow  from  the  pond  system,  Pond 
3 quality;  Wildlife  Pond  quality;  seepage  from  below  Pond  1 
that  is  pumped  back  into  Pond  1 and  Pond  2;  head  of  the  Mill- 
Willow  Bypass;  the  Mill-Willow  Bypass  prior  to  the  pond  system 
discharge,  and  discharges  from  the  Opportunity  Ponds  to  Pond 
3.  Summarizing  the  data  in  this  manner  also  provides  a 
manageable  quantity  of  data  to  work  with  throughout  the 
assessment . 

The  data  presented  on  Tables  3-6  through  3-14  include 
maximum  reported  values,  the  arithmetic  average  for  each 
constituent,  and  the  number  of  times  the  parameter  was 
detected  above  detection  limits  out  of  the  total  number  of 
times  it  was  analyzed  for  at  the  sample  station  or  group  of 
stations.  Values  are  reported  for  dissolved  metals,  total 
metals  and  acid  soluble  metals,  when  available.  As  can  be 
seen  on  the  tables,  there  are  several  cases  where  the 
dissolved  or  acid-soluble  values  are  higher  than  the  total 
metals  reported  for  a sampling  station.  This  may  occur  when 
several  analyses  (for  example,  a years  worth  of  data)  for  a 
single  sampling  point  are  grouped  together  and  the  detection 
limits  were  not  constant  for  the  sampling  period.  This 
could  cause  the  artificial  raising  of  a value  because  one- 
half  the  detection  limit  is  included  in  the  calculation  of 
the  average  value.  Laboratory  error  could  also  account  for 
this  phenomenon,  although  all  data  have  been  validated  and 
quality  assured  prior  to  their  use  in  this  assessment.  In 
calculating  averages  for  sample  stations  or  station 
groupings  in  which  some  sample  concentrations  are  reported 
as  below  detection,  one-half  the  detection  limit  was  used  as 
the  value  for  the  sample.  This  method  is  used  in 
calculating  averages  for  risk  assessment  purposes  because 
the  actual  concentration  may  be  between  zero  and  a value 
just  below  the  reported  detection  limit.  Use  of  one-half 
the  detection  limit  attempts  to  level  out  the 
underestimating  (from  using  zero  as  the  detection  limit)  and 
overestimating  (from  using  the  actual  detection  limit)  of 
average  concentrations.  Averages  in  which  one-half  the 
detection  limit  was  used  are  denoted  by  a "less  than"  (<) 
sign  in  front  of  the  value.  Averages  were  calculated  for 
all  parameters  with  at  least  5%  of  the  samples  above  the 
detection  limit.  At  a frequency  less  than  5%,  the  maximum 
value  is  reported  but  no  average  is  calculated. 
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APPENDIX  A TABLE  3-6 

SURFACE  WATER  DATA  FOR  INFLOW  TO  THE  PONDS  FROM  SBC 
(Sample  Stations  SS-19  AND  SS-19a) 


1984-85 

w/o 

HIGH  FLOW 

(n=12)  (1) 

1985 

LOW  FLOW 

(n=2) 

1986 

HIGH  FLOW 

(n=12) 

Max i mum 

(2) 

Average 

Number  (3) 

Max i mum 

Average 

Number 

Max i mum 

Average 

Number 

PARAMETER 

(ug/l) 

(ug/l)  > 

D.L. 

(ug/l) 

(ug/l) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

Aluminum,  total 

637 

443 

12 

Aluminum,  dissolved 

121 

67 

12 

Aluminum,  acid  soluble 

237 

172 

12 

Arsenic,  total 

50  < 

10  (4) 

9 

21 

19 

2 

73 

32 

12 

Arsenic,  dissolved 

58 

22 

12 

Arsenic,  acid  soluble 

52 

25 

12 

Cadmium,  total 

NR  (5) 

NR 

11 

1 

1 

2 

0 

Cadmium,  dissolved 

0 

Cadmium,  acid  soluble 

0 

Copper,  total 

260 

170 

12 

126 

112 

2 

231 

167 

12 

Copper,  dissolved 

60 

20 

11 

52 

48 

2 

94 

61 

12 

Copper,  acid  soluble 

155 

129 

2 

232 

162 

12 

Iron,  total 

2280 

980 

12 

497 

466 

2 

1320 

906 

12 

Iron,  dissolved 

110 

50 

12 

58 

48 

2 

147 

98 

12 

Iron,  acid  soluble 

783 

552 

12 

Lead,  total 

30 

10 

12 

3 

2 

2 

24 

< 

11 

11 

Lead,  dissolved 

5 

< 

1 

10 

Lead,  acid  soluble 

15 

< 

3 

11 

Magnesium,  dissolved 

8330 

6480 

12 

Manganese,  total 

530 

376 

12 

Manganese,  dissolved 

445 

< 

137 

11 

Manganese,  acid  soluble 

475 

354 

12 

Zinc,  total 

640 

420 

12 

414 

335 

2 

580 

380 

12 

Zinc,  dissolved 

320 

160 

12 

63 

59 

2 

186 

128 

12 

Zinc,  acid  soluble 

449 

385 

2 

710 

411 

12 

Hardness  as  CaC03  (mg/l) 

235 

148 

156 

152 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentration. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 

(4) .  Mean  values  with  a < sign  indicate  1/2  DL  was  used  in  the  calculation. 

(5) .  NR  indicates  values  are  above  detection  but  were  not  reported  in  the  data  base. 

NOTE:  Blanks  indicate  sample  not  analyzed  for  parameter. 
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APPENDIX  A TABLE  3-7 
SURFACE  WATER  DATA  FOR  POND  3 
(Sample  Stations  SS-20  AND  SS-20a) 


1984-85 

w/o 

HIGH  FLOW 

( n= 1 5 ) (1) 

1985 

LOW  FLOW  (n=2) 

1986 

HIGH  FLOW 

(n=0) 

Maximum 

(2) 

Average 

Number  (3) 

Maximum 

Average  Number 

Max  i (iun 

Average 

Number 

PARAMETER 

(ug/l ) 

(ug/l)  > 

D.L. 

(ug/l) 

(ug/l) 

> D.L. 

(ug/l ) 

(ug/l) 

> D.L. 

Arsenic,  total 

20 

< 

NR  (4) 

14 

13 

12 

2 

Cadmium,  total 

NR 

NR 

11 

NR 

NR 

1 

Copper,  total 

200 

80 

15 

48 

31 

2 

Copper,  dissolved 

30 

< 

20  (5) 

5 

0 

Copper,  acid  soluble 

27 

< 

21 

1 

Iron,  total 

2060 

670 

15 

145 

< 

142 

2 

Iron,  dissolved 

50 

< 

10 

7 

11 

< 

9 

1 

Lead,  total 

20 

NR 

12 

1 

< 

1 

1 

Zinc,  total 

620 

270 

15 

54 

49 

2 

Zinc,  dissolved 

500 

10 

3 

10 

< 

9 

1 

Zinc,  acid  soluble 

69 

56 

2 

Hardness  as  CaC03  (mg/l) 

254 

169 

148 

130 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  nuaber  of  samples. 

(2) .  Maximum  reported  concentrations. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 

(4) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

(5) .  Mean  values  with  a < sign  indicated  1/2  DL  was  used  in  the  calculation. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter.  No  1986  High  Flow  samples  taken. 
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APPENDIX  A TABLE  3-8 

SURFACE  UATER  DATA  FOR  THE  WILDLIFE  PONDS 
(Sample  Stations  PS-lla,  PS-lib,  and  PS-llc) 


1984-85 

w/o 

HIGH  FLOW 

(n=19)  (1) 

1985 

LOW  FLOW 

(n=2) 

1986 

HIGH  FLOW 

(n=0) 

Maximum 

(2) 

Average 

Number  (3) 

Maximum 

Average 

Number 

Max i mum 

Average 

Number 

PARAMETER 

(ug/l ) 

(ug/l) 

> 

D.L. 

(ug/l) 

( ug/ l ) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

Arsenic,  total 

20 

10 

19 

18 

16 

2 

Cadmium,  total 

0 

0 

Copper,  total 

70 

< 

10 

(4) 

13 

48  < 

25 

1 

Copper,  dissolved 

20 

< 

10 

3 

0 

Copper,  acid  soluble 

0 

Iron,  total 

180 

90 

19 

131 

78 

2 

Iron,  dissolved 

60 

< 

10 

5 

6 < 

7 

1 

Lead,  total 

10 

NR 

(5) 

9 

1 < 

1 

1 

Zinc,  total 

250 

NR 

18 

19 

14 

2 

Zinc,  dissolved 

190 

< 

10 

10 

0 

Zinc,  acid  soluble 

24 

21 

2 

Hardness  as  CaC03  (mg/l) 

284 

197 

200 

191 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentrations. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 

(4) .  Mean  values  with  a < sign  indicate  1/2  DL  was  used  in  the  calculation. 

(5) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter.  No  1986  High  Flow  samples  taken. 
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APPENDIX  A TABLE  3-9 
SURFACE  WATER  DATA  FOR  POND  2 
(Sample  Stations  SS-21,  SS-22,  SS-26,  and  SS-26a) 


1984-85 

w/o 

HIGH  FLOW 

(n=20) 

(1) 

1985 

LOW  FLOW 

00 

II 

c 

1986 

HIGH  FLOW 

(n=0) 

Maximum 

(2) 

Average 

Number 

(3) 

Maximum 

Average 

Number 

Max i mum 

Average 

Number 

PARAMETER 

(ug/l ) 

(ug/l)  > 

D.L. 

(ug/l) 

(ug/l ) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

Arsenic,  total 

30 

10 

20 

20 

12 

8 

Cadmium,  total 

NR 

NR  (4) 

5 

1 < 

NR 

3 

Copper,  total 

140 

< 

10  (5) 

19 

120 

48 

8 

Copper,  dissolved 

50 

< 

10 

3 

0 

Copper,  acid  soluble 

40  < 

18 

4 

Iron,  total 

1430 

410 

20 

718 

369 

8 

Iron,  dissolved 

220 

< 

10 

10 

38  < 

12 

5 

Lead,  total 

20 

NR 

14 

2 < 

1 

4 

Zinc,  total 

430 

140 

20 

76 

49 

8 

Zinc,  dissolved 

380 

< 

10 

11 

30  < 

7 

3 

Zinc,  acid  soluble 

98 

68 

8 

Hardness  as  CaC03  (mg/l) 

264 

171 

173 

136 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentrations. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (DL). 

(4) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

(5) .  Mean  values  with  a < sign  indicate  1/2  DL  was  used  in  the  calculation. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter.  No  1986  High  Flow  samples  taken. 
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APPENDIX  A TABLE  3-10 

SURFACE  WATER  DATA  FROM  THE  OUTFLOW  OF  POND  2 
(Sample  Stations  PS-12) 


1984-85 

w/o 

HIGH  FLOW 

(n=20)  (1) 

1985 

LOW  FLOW 

(n=4) 

1986 

HIGH  FLOW 

(n=2) 

Maximum 

(2) 

Average 

Number  (3) 

Maximum 

Average 

Number 

Maximum 

Average 

Number 

PARAMETER 

(ug/l ) 

(ug/l) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

Aluminum,  total 

119 

113 

2 

Aluminum,  dissolved 

128 

97 

2 

Aluminum,  acid  soluble 

154 

128 

2 

Arsenic,  total 

300 

10 

20 

30 

18 

4 

21 

16 

2 

Arsenic,  dissolved 

20 

13 

1 

Arsenic,  acid  soluble 

22 

14 

1 

Cadmium,  total 

NR 

NR 

(4)  5 

1 

NR 

2 

0 

Cadmium,  dissolved 

0 

Cadmium,  acid  soluble 

0 

Copper,  total 

140 

10 

19 

24 

19 

4 

40 

36 

2 

Copper,  dissolved 

50 

< 10 

(5)  3 

0 

34 

23 

2 

Copper,  acid  soluble 

41 

34 

2 

Iron,  total 

1430 

410 

20 

213 

145 

4 

302 

266 

2 

Iron,  dissolved 

220 

10 

10 

26  < 

13 

1 

126 

79 

2 

Iron,  acid  soluble 

243 

241 

2 

Lead,  total 

20 

14 

2 < 

1 

3 

0 

Lead,  dissolved 

0 

Lead,  acid  soluble 

0 

Magnesium,  dissolved 

9260 

9200 

2 

Manganese,  total 

195 

185 

2 

Manganese,  dissolved 

154 

90 

2 

Manganese,  acid  soluble 

179 

174 

2 

Zinc,  total 

430 

140 

20 

40 

32 

4 

111 

91 

2 

Zinc,  dissolved 

380 

10 

11 

9 < 

7 

1 

594 

314 

2 

Zinc,  acid  soluble 

122 

94 

2 

Hardness  as  CaC03  (mg/l) 

264 

171 

165 

124 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentrations. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(4) .  NR  indicates  value  is  above  detection,  but  not  reported  in  the  data  base. 

(5) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

NOTE:  Blanks  indicate  sample  not  analyzed  for  parameter. 
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APPENDIX  A TABLE  3-11 

SURFACE  UATER  DATA  FROM  SEEPS  BELOW  POND  1 
(Sample  Stations  SS-27  and  SS-27a) 


1984-85  w/o  HIGH  FLOW  (n=14)  (1) 


Maximum 

(2) 

Average 

Number 

(3) 

PARAMETER 

(ug/l) 

(ug/l) 

> D.L. 

Arsenic,  total 

130 

NR 

(4)  11 

Cadmium,  total 

0 

Copper,  total 

190 

< 

10 

(5)  11 

(6) 

Copper,  dissolved 

80 

< 

20 

4 

(6) 

Iron,  total 

54200 

16610 

14 

Iron,  dissolved 

39500 

< 

10 

13 

Lead,  total 

10 

NR 

3 

Zinc,  total 

550 

230 

15 

(6) 

Zinc,  dissolved 

570 

< 

10 

11 

(6) 

Hardenss  as  CaC03  (mg/l) 

1180 

884 

1985  LOW  FLOW  (n=0) 


1986  HIGH  FLOW  (n=0) 


Max i mum 
(ug/l) 


Average 

(ug/l) 


Number 
> D.L. 


Maximum 

(ug/l) 


Average 

(ug/l) 


Number 
> D.L. 


(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentrations. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(4) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

(5) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

(6) .  A total  of  15  samples  were  analyzed  for  this  parameter. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter.  No  1985  Low  Flow  or  1986  High  Flow  samples  taken. 
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APPENDIX  A TABLE  3-12 

SURFACE  WATER  DATA  FROM  THE  HEAD  OF  MILL-WILLOW  BYPASS. 
(Sample  Station  SS-18) 


1984-85 

w/o 

HIGH  FLOW  (n=15)  (1) 

1985 

LOW  FLOW  (n=1 ) 

1986 

HIGH  FLOW 

(n=0) 

Max i mum 

(2) 

Average  Number  (3) 

Maximum 

Average  Number 

Max i mum 

Average 

Number 

PARAMETER 

(ug/l) 

(ug/l) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

(ug/l) 

(ug/l) 

> D.L. 

Arsenic,  total 

110 

< 

10  (4) 

14 

34 

1 

Cadmium,  total 

NR 

(5) 

NR 

3 

NR 

1 

Copper,  total 

90 

< 

10 

13 

(6) 

21 

14 

2 

(7) 

Copper,  dissolved 

30 

< 

10 

2 

(6) 

16 

< 13 

1 

(7) 

Copper,  acid  soluble 

24 

< 20 

1 

(7) 

Iron,  total 

470 

260 

15 

170 

1 

Iron,  dissolved 

450 

< 

30 

9 

35 

1 

Lead,  total 

10 

NR 

6 

0 

Zinc,  total 

380 

60 

16 

(6) 

14 

12 

2 

(7) 

Zinc,  dissolved 

350 

< 

10 

6 

(6) 

0 

Zinc,  acid  soluble 

32 

31 

2 

(7) 

Hardness  as  CaC03  (mg/l) 

218 

130 

218 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentration. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(4) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

(5) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

(6) .  A total  of  16  samples  were  analyzed  for  this  parameter. 

(7) .  A total  of  2 samples  were  analyzed  for  this  parameter. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter.  No  1986  High  Flow  samples  taken. 
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APPENDIX  A TABLE  3-13 

SURFACE  UATER  DATA  ON  MILL-WILLOW  BYPASS  ABOVE  POND  2 DISCHARGE 

(Sample  Station  SS-25) 


1984-85  w/o  HIGH  FLOW  (n=15)  (1)  1985  LOW  FLOW  (n=1)  1986  HIGH  FLOW  (n=2) 


PARAMETER 

Maximum 
(ug/l ) 

(2) .Average 
(ug/l) 

Number 
> D.L. 

(3) 

Max i mum 
(ug/l) 

Average 

(ug/l) 

Number 
> D.L. 

Maximum 

(ug/l) 

Average 

(ug/l) 

Number 
> D.L. 

Aluminum,  total 

1420 

855 

2 

Aluminum,  dissolved 

157 

139 

2 

Aluminum,  acid  soluble 

553 

367 

2 

Arsenic,  total 

12 

NR 

(4)  13 

(5) 

22 

22 

1 

52 

45 

2 

Arsenic,  dissolved 

39 

39 

2 

Arsenic,  acid  soluble 

53 

51 

2 

Cadmium,  total 

NR 

NR 

3 

(5) 

NR 

1 

0 

Cadmium,  dissolved 

0 

Cadmium,  acid  soluble 

0 

Calcium,  dissolved 

35800 

24500 

2 

Copper,  total 

100 

< 20 

(6)  13 

17 

17 

2 

(7) 

57 

50 

2 

Copper,  dissolved 

20 

< 10 

3 

0 

29 

29 

2 

Copper,  acid  soluble 

18 

< 17 

1 

(7) 

74 

63 

2 

Iron,  total 

690 

480 

14 

(5) 

213 

1 

1490 

961 

2 

Iron,  dissolved 

190 

< 20 

9 

(5) 

33 

1 

188 

173 

2 

Iron,  acid  soluble 

735 

552 

2 

Lead,  total 

10 

NR 

6 

(5) 

0 

10 

< 6 

1 

Lead,  dissolved 

0 

Lead,  acid  soluble 

10 

< 6 

1 

Magnesium,  dissolved 

7920 

5315 

2 

Manganese,  total 

134 

125 

2 

Manganese,  dissolved 

99 

79 

2 

Manganese,  acid  soluble 

138 

138 

2 

Zinc,  total 

300 

70 

15 

31 

30 

2 

(7) 

75 

64 

2 

Zinc,  dissolved 

240 

< 20 

12 

0 

153 

103 

2 

Zinc,  acid  soluble 

48 

44 

2 

(7) 

98 

81 

2 

Hardness  as  CaC03  (mg/l) 

344 

229 

273 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  concentration. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(4) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

(5) .  A total  of  14  samples  were  analyzed  for  this  parameter. 

(6) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

(7) .  A total  of  2 samples  were  analyzed  for  this  parameter. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter. 
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APPENDIX  A TABLE  3-14 

SURFACE  WATER  DATA,  OPPORTUNITY  PONDS  DISCHARGE  TO  POND  3. 
(Sample  Stations  SS-23  and  SS-24) 


1984-85  w/o  HIGH  FLOU  (n=31)  (1)  1985  LOU  FLOW  (n=2) 


1986  HIGH  FLOU  (n=0) 


Average  Number 

(ug/l)  > D.L. 


Arsenic,  total 

30 

NR  (4) 

20 

(5) 

4 

4 

2 

Cadmium,  total 

NR 

NR 

4 

(5) 

NR 

NR 

2 

Copper,  total 

100  < 

10  (6) 

22 

30 

23 

4 

(7) 

Copper,  dissolved 

50  < 

10 

2 

0 

Copper,  acid  soluble 

0 

Iron,  total 

24200 

4440 

29 

(5) 

350 

290 

2 

Iron,  dissolved 

21400 

10 

22 

(5) 

21 

15 

2 

Lead,  total 

190 

NR 

12 

(5) 

1 

1 

1 

Zinc,  total 

1680 

250 

31 

110 

70 

4 

(7) 

Zinc,  dissolved 

640 

180 

31 

157 

86 

4 

(7) 

Hardness  as  CaC03  (mg/l) 

1870 

1410 

1750 

1570 

Maximum  (2) 

Average 

Number  (3)  Maximum 

Average  Number 

Maximum 

PARAMETER 

(ug/l) 

(ug/l) 

> D.L.  (ug/l) 

(ug/l)  > D.L. 

(ug/l) 

(1) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(2) .  Maximum  reported  value. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(4) .  NR  indicates  value  is  above  detection  but  not  reported  in  the  data  base. 

(5) .  A total  of  29  samples  were  analyzed  for  this  parameter. 

(6) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

(7) .  A total  of  4 samples  were  analyzed  for  this  parameter. 

NOTE:  Blank  indicates  sample  not  analyzed  for  parameter.  No  1986  High  Flow  samples  taken. 
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SEDIMENTS/SOILS 


POND  BOTTOM 


Sediment  cores  were  collected  from  35  locations  within  the 
ponds  during  Phase  II.  Four  relatively  distinct  sediment 
zones  were  identified  from  the  cores:  the  upper  transition 
zone  (A) , an  upper  sediment  zone  (B) , a lower  sediment  zone 
(C) , and  a pond  bottom  zone  (D) . Previous  interpretations  of 
these  data,  using  only  data  for  arsenic,  cadmium,  copper,  and 
zinc,  found  that: 

■ Cadmium,  copper  and  zinc  values  decrease  markedly  from 
Pond  3 to  Pond  2 to  Pond  1 in  zones  A and  B and 
remained  constant  or  decreased  slightly  in  zone  C. 

Highest  concentrations  were  detected  in  zone  B. 

* Zone  D generally  had  the  lowest  concentrations  of  all 

metals  used  in  the  interpretation  and  concentrations  were 
relatively  constant  through  the  ponds. 

Data  from  zone  A is  summarized  in  Table  3-15  for  arsenic, 
cadmium,  copper  and  zinc.  Data  from  all  samples,  regardless 
of  the  zone,  is  presented  in  Table  3-16.  All  data  are 
reported  as  mg/kg  dry  weight. 

EXPOSED 


The  type  of  sediments  that  is  of  most  interest  for  this 
assessment  is  that  which  is  exposed,  accessible,  and  dried. 
Samples  were  taken  from  areas  of  exposed  sediments  during 
Phase  II  from  various  depths  and  locations.  The  locations 
of  exposed  sediments  are  depicted  on  Figure  3-4,  and  include 
the  area  below  Pond  1,  the  central  cell  within  Pond  1,  the 
upper  portion  of  Pond  2 and  above  Pond  3.  Surface  samples 
(0-1")  were  taken  in  areas  barren  of  vegetation.  Samples 
from  zero  to  one  inch  are  most  representative  of  the 
material  likely  to  come  into  contact  with  receptors  or 
become  wind-blown.  Particle  size  distribution  was  obtained 
on  these  samples  to  determine  what  portion  of  the  sample 
would  be  entrainable  by  the  wind  (that  less  than  75  fim)  and 
what  portion  would  be  respirable  (less  than  9 /m  in  size) . 

Data  were  grouped  according  to  the  location  within  the  pond 
system  providing  a maximum  and  average  value  (in  the  manner 
described  for  other  media)  of  contaminants  for  each 
location.  These  data  are  presented  on  Table  3-17. 
Approximately  70%  of  the  samples  were  less  than  75  /m  and 
24%  were  less  than  9 fim  in  size. 

All  other  samples  taken  during  the  RI  were  obtained  during 
installation  of  groundwater  monitoring  wells  and  were  from 
two  to  five  feet  below  the  surface.  These  samples  could  not 
be  construed  as  indicative  of  surficial  conditions. 
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(1) .  All  values  reported  as  dry  weight.  All  samples  from  each  pond  were  grouped  together  regardless  of  depth.  See  Figure  3-4  for  sample  locations. 

(2) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples  taken. 

(3) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(4) .  Average  values  with  a '<'  sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

NOTE:  Blanks  in  the  maximum  and  average  columns  with  a 0 in  the  Number  > D.L.  column  indicates  parameter  not  found  above  the  D.L. 
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(1) .  All  values  reported  as  dry  weight. 

(2) .  Samples  collected  Sept  1987  and  Dec  1988  from  300A,  309A,  311A,  313A,  004-01,  005-01  and  006-01.  See  Figure  3-4. 

(3) .  Samples  collected  Sept  1987  and  Dec  1988  from  200A,  202A,  001-01,  and  002-01. 

(4) .  Sample  collected  Sept  1987  from  134A. 
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MILL-WILLOW  BYPASS 


Phase  II  investigations  collected  50  surficial,  0 to  1 inch, 
samples  within  and  adjacent  to  the  bypass.  These  samples 
locations  are  depicted  on  Figure  3-5.  The  sample  locations 
were  classified  by  geomorphic  unit,  either  in  the  vegetated 
portion  of  the  channel,  the  unvegetated  portion  of  the  active 
channel,  the  vegetated  first  terrace  above  the  active 
channel,  (the  floodplain);  or  the  unvegetated  floodplain. 

This  separation  of  data  by  geomorphic  unit  should  provide 
useful  data  for  this  assessment  as  the  samples  are  surficial, 
and  are  segregated  according  to  location  in  the  bypass. 

Those  samples  from  the  unvegetated  floodplain  have  the 
greatest  potential  for  movement  by  wind,  as  these  sediments 
are  composed  primarily  of  fine  grained  sands  and  metallic 
salts.  Metallic  salts  are  materials  that  have  been  wicked  to 
the  surface  through  capillary  action  and  have  formed  a 
'crust'  on  the  fine  sands.  The  unvegetated  floodplain  is 
also  the  most  accessible  area.  Previous  reports  (CH2M  HILL 
1988)  determined  that  the  unvegetated  floodplain  exhibited 
the  highest  concentrations  of  most  metals  measured,  and  the 
metallic  salts  had  order-of-magnitude  higher  concentrations 
of  metals  than  the  other  grain  sizes.  Tables  3-18  and  3-19 
present  the  data,  separated  by  geomorphic  unit,  for  the  Mill- 
Willow  Bypass  sediments. 


AIR 


No  air  data  are  available  for  the  site.  Site-specific 
meteorological  data  are  not  available. 

BIOTA 


FISH 


Phase  I investigations  analyzed  four  male  and  one  female 
rainbow  trout  for  selected  metals  in  muscle  and  liver 
tissue.  The  fish  were  obtained  from  the  Wildlife  Ponds  in 
July  1985.  A larger  sample  size  was  originally  proposed  to 
provide  statistical  confidence  in  the  data.  However,  the 
total  population  is  estimated  to  be  small  and  MDFWP  decided 
to  limit  the  sample  size  to  five  fish.  Because  of  the 
limited  sample  size,  the  data  do  not  provide  adequate 
information  about  the  general  population. 

Fish  muscle  and  liver  tissue  data  are  summarized  in  Table  3- 
20.  The  Phase  I RI  concluded  that  concentrations  of 
arsenic,  cadmium,  copper  and  zinc  in  muscle  tissue  did  not 
appear  to  be  higher  than  naturally  occurring  levels. 

Cadmium,  copper  and  zinc  appeared  to  be  concentrating 
differentially  in  the  liver  and  bioconcentrating  (greater  in 
the  tissues  than  in  ambient  waters) . 
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POND  1 


<1 


4 


APPENDIX  A TABLE  3-18 

MILL-WILLOW  BYPASS  SEDIMENT,  FLOOOPLAIN  DATA  (1) 


UNVEGETATED  FLOODPLAIN  (n=20)  (2)  VEGETATED  FLOOOPLAIN  (n=19) 


MONTANA  Maximum  Maximum 


PARAMETER 

AREA  DATA  (3) 
(mg/kg) 

Reported 

(mg/kg) 

Average 

(mg/kg) 

Number  (4) 
> D.L. 

Reported 
• (mg/kg) 

Average 

(mg/kg) 

Number 
> D.L 

Alumi num 

34400 

12500 

20 

16000 

8951 

19 

Antimony 

0 

0 

Arsenic 

20/15/-- 

202 

124 

20 

336 

139 

19 

Barium 

334 

163 

20 

294 

197 

19 

Beryl l ium 

8.2 

< 

0.5  (5)  16 

1.5 

< 

0.4 

9 

Cadmium 

1.6/0. 3/0. 2 

331 

47 

20 

27 

6 

19 

Calcium 

130000 

18400 

20 

109000 

27500 

19 

Chromium 

432 

35 

20 

46 

< 

7 

18 

Cobalt 

309 

< 

10 

12 

64 

< 

7 

4 

Copper 

100/30/25 

66300 

8150 

20 

3340 

1067 

19 

I ron 

61600 

32045 

20 

52700 

28900 

19 

Lead 

504 

243 

20 

993 

244 

19 

Magnesium 

40300 

9280 

20 

15700 

6450 

19 

Manganese 

22400 

3650 

20 

23700 

2230 

19 

Mercury 

2.4 

< 

0.2 

19 

4 

1 

19 

Nickel 

233 

< 

9 

17 

67 

< 

9 

15 

Potassium 

4120 

2380 

20 

4730 

2660 

19 

Seleni urn 

0 

3.2 

< 

1.4 

3 

Si Iver 

8.5 

< 

3.1 

10 

11 

< 

3 

9 

Sodium 

1290 

495 

20 

3890 

616 

19 

Thallium 

0 

0 

T in 

0 

0 

Vanadium 

35 

< 

8 

17 

45 

25 

19 

Zinc 

100/130/100 

64300 

9040 

20 

6760 

1420 

19 

(1) .  Values  reported  as  dry  weight. 

(2) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(3) .  Data  from  Area  1/Area  2/Area  3.  See  Table  3-15  for  description  of  sample  locations. 

(4) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(5) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

NOTE:  Blanks  in  the  maximum  and  average  columns  with  a 0 in  the  Number  > D.L.  column  indicates  parameter 
not  found  above  the  D.L. 
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APPENDIX  A TABLE  3-19 

MILL-UILLOU  BYPASS  SEDIMENT,  CHANNEL  DATA  (1) 


UNVEGETATED  CHANNEL  (n=9)  (2)  VEGETATED  CHANNEL  (n=5) 


PARAMETER 

MONTANA 
AREA  DATA  (3) 
(mg/kg) 

Max i mum 

Reported 

(mg/kg) 

Average 

(mg/kg) 

Number  (4) 
> D.L. 

Maximum 

Reported 

(mg/kg) 

Average 

(mg/kg) 

Number 
> D.L. 

Aluminum 

13200 

6316 

9 

8940 

7306 

5 

Antimony 

0 

0 

Arsenic 

20/15/-- 

221 

128 

9 

133 

64 

5 

Barium 

260 

144 

9 

226 

173 

5 

Beryl lium 

1.1 

< 

0.4 

(5)  7 

0.6 

< 

0.6 

5 

Cadmium 

1.6/0. 3/0. 2 

15 

< 

3 

7 

3.6 

< 

1.4 

3 

Calcium 

69300 

15200 

9 

201000 

51500 

5 

Chromium 

28 

15 

9 

15 

< 

11.2 

5 

Cobalt 

15 

< 

7 

3 

0 

Copper 

100/30/25 

2120 

980 

9 

607 

432 

5 

I ron 

58000 

36000 

9 

38200 

24600 

5 

Lead 

445 

213 

9 

225 

< 

145 

5 

Magnesium 

4900 

2990 

9 

11800 

6190 

5 

Manganese 

956 

543 

9 

1230 

539 

5 

Mercury 

2.2 

0.8 

9 

0.8 

< 

0.4 

4 

Nickel 

14 

< 

9 

5 

17 

< 

0.8 

2 

Potassium 

3650 

1884 

9 

2640 

2270 

5 

Selenium 

0 

0 

Si Iver 

6.2 

< 

2.5 

5 

0 

Sodium 

1180 

376 

9 

574 

< 

375 

5 

Thai l ium 

1.0 

< 

0.6 

1 

0 

Tin 

0 

0 

Vanadium 

102 

35 

9 

45 

25 

5 

Zinc 

100/130/100 

2520 

1327 

9 

1380 

780 

5 

(1) .  Values  reported  as  dry  weight. 

(2) .  The  expression  (n=x)  in  the  column  heading  indicates  the  total  number  of  samples. 

(3) .  Data  from  Area  1/Area  2/Area  3.  See  Table  3-15  for  description  of  sample  locations. 

(4) .  Column  indicates  the  total  number  of  samples  which  had  values  greater  than  the  detection  limit  (D.L.). 

(5) .  Mean  values  with  a < sign  indicate  1/2  D.L.  was  used  in  the  calculation. 

NOTE:  Blanks  in  the  maximum  and  average  columns  with  a 0 in  the  Number  > D.L.  column  indicates  parameter 
not  found  above  the  D.L. 
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APPENDIX  A TABLE  3-20 
FISH  TISSUE  DATA  (1) 
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These  data  are  limited  in  that  the  number  of  samples 
collected  was  small  and  only  select  compounds  were  analyzed 
for  in  each  sample. 

WATERFOWL 

Waterfowl  were  collected  from  the  Warm  Springs  Ponds  area 
throughout  1984.  Four  control  samples  were  also  taken  from 
two  areas  in  Montana.  Adults  were  taken  in  the  winter, 
February  and  March,  to  obtain  those  individuals  wintering  on 
the  ponds.  The  timing  of  the  collection  ensured  that  these 
individuals  were  wintering  on  the  ponds  as  migration  had 
ceased  at  this  time  (Gallager,  1988).  Juveniles  were  taken 
from  July  through  September  to  obtain  birds  that  were  raised 
on  the  ponds.  It  is  reasonable  to  assume  that  these  juvenile 
ki^ds  were  in  fact,  hatched  on  the  ponds,  as  the  birds 
harvested  are  species  that  are  late  breeders  and  hatching 
occurs  in  July  through  August  (just  prior  to  when  the  birds 
were  taken) . The  juvenile  birds  taken  were  in  the  downy 
feather  stage  (full  feathers  are  necessary  to  fly)  (Gallager, 
1988) . In  addition,  limited  breast  tissue  was  available  from 
these  birds,  also  indicating  an  inability  to  fly. 

Samples  were  analyzed  primarily  from  breast  tissue,  but  liver 
samples  were  taken  from  five  birds,  all  adults,  as  well.  The 
samples  were  analyzed  for  arsenic,  cadmium,  copper  and  zinc 
only.  Data  from  muscle  tissue  are  presented  on  Table  3-21 
and  from  liver  tissue  on  Table  3-22.  Samples  from  juvenile 
exhibited  high  method  detection  limits  that  were  a result  of 
the  low  weight  of  the  samples  (Multitech,  1986d) . Mean 
concentration  of  a specific  parameter  was  calculated  by 
setting  all  values  below  the  detection  limit  to  one-half  the 
detection  limit.  High  detection  limits  may  bias  the  mean  of 
both  the  all  waterfowl  category  and  the  juveniles  only 
category. 

The  conclusions  of  the  Phase  I RI  report  were  than  cadmium 
appeared  to  be  the  only  metal  elevated  in  liver  tissue,-  mean 
concentrations  of  arsenic,  copper,  and  zinc  in  muscle  tissue 
were  not  elevated  above  controls  and  were  generally  within 
the  range  of  values  found  in  the  literature  (see  Table  3-23 
for  selected  literature  values  on  muscle  and  liver  tissue 
and  refer  to  the  Phase  I,  Waterfowl  Investigation,  for  more 
detailed  information) ; and  that  copper  and  zinc 
differentially  concentrated  in  the  liver  as  compared  to  the 
muscle. 

These  data  are  limited  in  that  only  selected  metals  were 
analyzed  for.  Additional  compounds  could  be  present  or 
compounds  could  be  present  in  concentrations  less  than  the 
detection  limits  that  were  used. 
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APPENDIX  A TABLE  3-21 
WATERFOWL  MUSCLE  TISSUE  DATA  (1) 
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APPENDIX  A TABLE  3-22 
WATERFOWL  LIVER  TISSUE  DATA  (1) 
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APPENDIX  A TABLE  3-23 

CONCENTRATIONS  OF  METALS  IN  WATERFOWL  TISSUE  AS  REPORTED  IN  THE  LITERATURE 
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Section  4 

EXPOSURE  ASSESSMENT 

INTRODUCTION 


This  section  presents  the  necessary  information  to  complete 
an  exposure  assessment  per  the  guidance  developed  by  the 
U.S.  EPA  (1987a).  The  source  of  contamination,  mechanisms 
that  may  cause  contaminants  to  be  released  from  the  site, 
and  the  environmental  fate  and  transport  of  contaminants  at 
the  site  are  used  to  determine  the  potential  exposures,  both 
human  and  environmental,  that  could  occur.  Human  and 
environmental  exposures  are  discussed  separately.  For  the 
human  assessment;  the  exposure  routes,  potential  receptors, 
exposure  scenarios,  intake  factors  for  each  media,  and  the 
concentration  of  contaminants  at  the  point  of  the  receptor 
are  identified.  The  environmental  assessment  includes  the 
identification  of  potential  exposure  routes  and  receptors 
and  selected  exposure  point  concentrations. 

CONTAMINANT  RELEASE  MECHANISMS 


Contamination  has  been  detected  in  surface  water  and 
sediments  of  the  Warm  Springs  Ponds  and  the  Mill-Willow 
Bypass  and  in  groundwater  adjacent  to  the  bypass  and 
downgradient  of  the  ponds  (Multitech,  1987a) . The  source  of 
contamination  to  the  ponds  is  the  surface  water  and 
suspended  solids  entering  from  Silver  Bow  Creek.  The 
source  of  contamination  in  the  bypass  is  water  and  sediments 
entering  from  Silver  Bow  Creek  during  high  creek  flow  (or 
obstruction  of  the  inlet  structure  to  Pond  3,  causing 
diversion  of  creek  flows  to  the  bypass)  and  groundwater 
discharge.  Release  of  contaminants  from  the  source  (Silver 
Bow  Creek)  occurs  through: 

• Precipitation  of  dissolved  complexes  with  the  addition 
of  lime  (increasing  the  pH  of  the  solution) . 

* Aggregation  and  sedimentation  of  suspended  particulates 
(liming  helps  to  flocculate  particles  and  low 
velocities  helps  to  settle  particles) . 

Although  the  ponds  were  built  to  contain  contamination  from 
Silver  Bow  Creek,  they  now  act  as  a potential  source  of 
contamination  to  the  downstream  Clark  Fork  River  system.  The 
primary  source  of  contamination  at  the  Warm  Springs  Ponds  are 
the  20  million  yards  of  contaminated  sediments.  The 
mechanisms  through  which  contaminants  may  be  released  from 
the  ponds  include: 

■ Flooding  with  re-suspension  of  sediments  and  dispersion 
onto  the  floodplain. 
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■ Dike  failure  (over-topping  and  erosion  during  flooding, 
stability  failure  during  an  earthquake)  and  the 
subsequent  release  of  a large  volume  of  sediments. 

u Percolation  of  dissolved  ions  to  the  groundwater. 

The  Mill-Willow  Bypass  can  also  be  considered  a "source"  of 
contamination  for  the  Clark  Fork  River.  The  Mill-Willow 
Bypass  receives  surface  water  discharge  from  the  Wildlife 
Ponds  and  Pond  2 (PS-12)  as  well  as  contaminated  water  from 
groundwater  discharge  from  the  Warm  Springs  Ponds  and  the 
Opportunity  Ponds.  During  high  flows  on  Silver  Bow  Creek, 
the  pond  system  is  bypassed  and  flows  are  routed  through  the 
bypass.  These  flows,  carrying  metals-laden  sediment  and 
dissolved  metals,  are  then  released  untreated  and  without 
the  benefit  of  settling  time,  to  the  Clark  Fork  River. 

Flooding  spreads  contaminated  waters  and  sediments  over  the 
floodplain  of  the  pond  system  and  the  bypass.  It  also 
increases  the  bedload  of  contaminated  sediments  in  the  Clark 
Fork  River.  Should  flood  waters  reach  flows  of  the  100-year 
flood  (4000  cfs)  extensive  damage  to  the  berms  through 
erosion  is  likely  (CH2M  HILL,  1988) . Flows  greater  than 
4000  cfs,  such  as  the  probable  maximum  flood,  would  likely 
result  in  a general  failure  of  the  pond  berm  system,  which 
could  result  in  a loss  of  pond  contents  (CH2M  HILL,  1989) . 
This  event  would  produce  a large  release  of  contaminated 
media.  The  recent  flood  study  ( CH2M  HILL,  1988)  estimated 
sediment  volumes  that  would  reach  the  ponds  during  a 100- 
year  flood,  but  not  those  volumes  that  would  be  transported 
further  downstream. 


MIGRATION  AND  FATE 


Migration  of  the  contaminants  ultimately  depends  upon  the 
chemical  and  biological  transformation  and  transfer  (fate) 
of  the  contaminant,  the  physical  condition  of  the  medium  in 
which  the  contaminant  occurs,  and  the  interactions  between 
media . 

FATE 


The  fate  and  transport  of  metal  contaminants  in  the 
environment  has  been  previously  addressed  by  CH2M  HILL 
(1983)  and  specifically  at  the  Warm  Springs  Ponds  by 
Multitech  (1987a).  No  new  information  has  been  obtained  to 
supplement  the  discussions  found  in  these  sources.  Metals' 
fate  in  the  ponds  and  bypass  are  discussed  briefly  below. 
The  reader  is  referred  to  the  above  references  for  a more 
complete  discussion. 


i 
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The  fate  of  metals  in  a system  depends  on  the  physical  and 
chemical  properties  of  the  system.  Water  velocities  are  an 
example  of  the  physical  properties  that  affect  the  fate  of 
metals.  Higher  velocities  will  inhibit  the  settling  ability 
of  the  ponds  and  results  in  greater  metals  concentrations  in 
the  outflow  than  during  low-flow  periods,  particularly  for 
metals  that  occur  in  the  solid  phase. 

Chemical  properties  such  as  pH  have  a substantial  affect  on 
the  fate  of  metals  in  the  environment.  During  the  winter, 
pH  of  the  ponds  drops  and  the  concentrations  of  dissolved 
constituents  rises  (except  arsenic) . This  mechanism  was 
evidenced  for  dissolved  zinc,  copper,  and  cadmium  in 
seasonal  pond  outflow. 

Arsenic  behavior  is  different  from  the  other  inorganics  of 
interest  at  the  site.  At  lower  pH  and  during  much  of  the 
year,  arsenic  behaves  as  a solid  species,  probably  adsorbed 
to  the  abundant  iron  hydroxides.  However,  at  the  higher  pH 
reached  during  the  summer,  (9  - 10) , arsenic  appears  to  be 
released  by  the  ponds.  This  is  probably  a desorption 
phenomenon  and  is  predictable  at  higher  pH.  Arsenic  is 
stable  in  the  ponds  as  an  anionic  species  and  behaves 
inversely  to  cationic  species;  low  pH  causes  greater 
adsorption  and  higher  pH,  less  adsorption  (Multitech,  1987a) . 

As  an  example  of  the  interactions  between  media,  the  pH  of 
the  ponds  is  believed  to  be  influenced  by  algal  growth 
(Multitech,  1987a) . When  algae  are  photosynthesizing  during 
the  summer,  carbon  dioxide  is  removed  from  the  water  column, 
shifting  the  carbonate  equilibrium  and  resulting  in  an 
increase  in  pH,  up  to  values  as  high  as  10.  This  rise  in  pH 
results  in  a precipitation  of  metals  out  of  solution.  In 
the  winter,  algae  photosynthesis  declines  and  pond  water  pH 
drops  to  values  between  6.5  and  8.5. 

It  is  also  believed  that  algae  bioaccumulate  metals.  The 
ability  of  algae  to  concentrate  metals  is  well  documented  (see 
Appendix  D,  Part  1,  Algae  Investigation  of  the  1986  Remedial 
Investigation,  Multitech,  1986c) . Iron,  copper,  and  zinc  are 
required  micronutrients  for  algae  and  are  assimilated  into 
algal  biomass.  A more  important  accumulation  mechanism  is 
probably  adsorption  on  the  algal  cell  surface  or  mucilaginous 
sheath.  Bioaccumulation  may  be  especially  important  during 
winter  algal  blooms  when  the  pH  in  the  ponds  is  low  and  the 
concentration  of  dissolved  metals  high  (Multitech,  1986c) . 

As  discussed  in  previous  documents  (Multitech,  1987a;  CH2M 
HILL,  1983) , the  fate  of  metals  in  the  pond  system  includes: 


t 


Dissolution  and  precipitation  of  metal  compounds. 
Adsorption  and  desorption  of  metal  ions. 
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■ Physical  aggregation  and  settling  of  particulates. 
u Algal  uptake  and  accumulation. 

a Uptake  and  bioconcentration  by  fish,  waterfowl,  or 
plants . 

Within  the  bypass,  pH  does  not  fluctuate  as  dramatically  as 
it  does  in  the  ponds.  The  fairly  constant  lower  pH  in  the 
bypass  does  not  result  in  the  precipitation  of  metal 
compounds  as  a primary  fate.  For  suspended  particles,  low 
velocities  within  the  bypass  can  result  in  settling  into  the 
sediments  and  adsorption  of  metals.  Soluble  metal  salt  tend 
to  form  directly  from  the  tailings,  probably  through  a slow 
oxidation  process  during  the  relatively  dry  portions  of  the 
year.  These  soluble  metals  form  crystalline  salts  of  high 
metals  concentrations,  primarily  on  the  tailings  of  the 
unvegetated  portion  of  the  floodplain. 

MIGRATION 


I 


Several  migration  mechanisms  exist  for  contaminants  at  the 
site.  Contaminants  can  migrate  from  the  pond  system  and  the 
Mill-Willow  Bypass  through: 


Groundwater  after  reaching  the  shallow  sand  and  gravel 
aquifer.  Data  from  wells  downgradient  (north)  of  Pond  1 
indicate  contamination  in  this  aquifer  that  is  not 
present  upgradient  (south)  of  the  pond  system. 
Groundwater  discharge;  either  to  the  bypass,  to  the 
area  downgradient  of  the  Pond  1 berm,  or  to  the  Clark 
Fork  River.  Discharge  below  the  Pond  1 berm  is  pumped 
back  into  Pond  1 and  Pond  2 . Groundwater  discharge  to 
the  Clark  Fork  River  does  not  substantially  influence 
river  water  quality  because  of  dilution  of  constituents 
with  river  water. 

Algal  uptake  as  a nutrient  source  and/or  accumulation. 
Algae  can  then  exit  the  pond  system  or  become  a food 
source  for  organisms  higher  in  the  foodchain. 

Flow  with  surface  water  exiting  the  pond  system,  (both 
dissolved  and  suspended  forms) , especially  during 
periods  of  high  flow. 

High  flows  in  Silver  Bow  Creek  that  are  routed  around 
the  ponds,  into  the  bypass,  and  then  to  the  Clark  Fork 
River. 

Erosion  and  entrainment  of  metallic  salts  along  the 
bypass  during  run-off  events.  High  concentrations  of 
metals  can  then  reach  the  Clark  Fork  River. 

Wind  entrainment  of  metallic  salts  and  dried  sediments 
from  unvegetated  areas  along  the  bypass,  and  dried 
sediment  from  the  pond  area  during  periods  of  high 
winds . 
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Large  quantities  of  contaminants  could  also  migrate  from  the 
site  during  a catastrophic  event  such  as  a 100-year  flood  or 
an  earthquake  which  results  in  dike  failure. 

HUMAN  EXPOSURE  ASSESSMENT 

The  human  exposure  assessment  is  based  upon  information  and 
data  presented  in  the  preceding  sections.  It  will: 

Identify  potential  exposure  pathways  to  site  compounds. 
Identify  potential  receptors. 

■ Formulate  exposure  scenarios  for  identified  receptors 
and  pathways,  for  both  current  and  future  land  use. 

* Estimate  intake  of  each  compound  through  the  various 
exposure  pathways  within  a scenario,  for  both  current 
and  future  land  use. 


POTENTIAL  EXPOSURE  PATHWAYS 


Exposure  to  compounds  present  at  the  site  and  those  that 
have  migrated  from  the  site  can  occur  through  a number  of 
potential  pathways.  Pathways  are  presented  by  media. 

Groundwater 


Data  obtained  during  the  remedial  investigation  indicate  a 
plume  of  contaminated  groundwater  is  moving  downgradient 
(north,  primarily  to  the  Clark  Fork  River)  of  Pond  1 in  the 
shallow  alluvium,  extending  from  the  middle  of  Pond  1 to  the 
eastern  boundary  of  the  unconsolidated  material  aquifer. 
Although  residential  wells  are  present  east  of  the  site, 
these  wells  are  in  the  bedrock  aquifer  and  do  not  show 
contamination.  No  domestic  wells  are  located  near  the 
contaminant  plume.  The  closest  downgradient  domestic  well 
is  approximately  one  and  one-half  miles  north  of  the  site. 
Samples  taken  from  this  well  in  1985  did  not  indicate 
contamination  (see  Table  3-1) . 

The  wells  west  and  south  of  the  site  are  upgradient  of 
groundwater  flow  from  beneath  the  Warm  Springs  Ponds,  and 
therefore,  not  influenced  by  compounds  migrating  from  the 
Warm  Springs  Ponds  in  groundwater. 

No  current  exposures  to  groundwater  contaminated  with 
compounds  originating  from  the  ponds  are  believed  to  be 
occurring. 

Potentially,  future  exposures  could  occur  if  groundwater 
below  the  ponds  was  used  as  a source  of  potable  water.  Such 
exposures  could  occur  through:  daily  ingestion  as  drinking 
water;  dermal  contact  from  household  use;  inhalation  of 
aerosols  when  used  for  showering;  ingestion  of  plants  that 
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have  been  watered  with  groundwater  and  contain 
bioaccumulated  contaminants;  and  ingestion  of  animals  that 
have  accumulated  contaminants  in  their  tissue. 

The  likelihood  of  potential  future  exposures  to  groundwater 
as  described  above  is  very  low.  The  entire  area,  including 
that  below  the  ponds,  is  within  the  floodplain  for  Silver  Bow 
Creek.  This  area  is  also  considered  a high  hazard  by  the 
Corps  of  Engineers  because  of  the  stability  rating  of  the 
upstream  dams  (IECO,  1981) . The  potential  for  residential 
use  of  the  area  downgradient  of  the  ponds  is  very  low. 

Groundwater  does  discharge  to  surface  water  bodies  within  and 
downstream  of  the  study  area.  Potential  exposures  associated 
with  these  discharges  are  presented  in  the  discussion  of 
surface  water  exposure  pathways  below  (Multitech,  1987a) . 

Surface  Water 


Surface  water  within  the  pond  system  is  contaminated  with 
inorganics.  As  noted  in  the  discussion  of  fate  and 
transport,  the  ponds  act  as  a sink  for  these  contaminants. 
However,  their  removal  efficiency  is  not  100%.  Currently, 
human  exposure  to  surface  water  occurs.  The  area  is  heavily 
used  for  recreational  activities,  such  as  hunting,  fishing, 
bird  watching,  etc.  (Gallager,  1988) . Recreational  use 
could  place  people  in  direct  contact  with  surface  waters 
when  retrieving  game  shot  in  the  area,  in  activities 
associated  with  fishing  (netting,  cleaning  catch,  hand 
rinsing,  etc.),  and  other  types  of  similar  use.  Dermal 
absorption  could  occur,  as  could  incidental  ingestion 
resulting  from  poor  personal  hygiene  habits. 

Children  living  in  the  area  around  the  pond  system  do  not 
usually  use  the  ponds  for  recreation.  Children  have  been 
seen  sporadically  in  the  Wildlife  Management  Area  (WMA)  by 
Montana  Department  of  Fish,  Wildlife,  and  Parks  (MDFWP) 
personnel,  but  only  when  accompanied  by  their  parents. 
Fishing  ponds  have  been  constructed  behind  the  Warm  Spring 
State  Hospital  that  receive  relatively  high  quality  water 
from  tributaries  to  the  Clark  Fork.  These  ponds  are  used 
extensively  by  children  in  the  area  (Gallager,  1988) . 

As  previously  described,  the  MDFWP  operates  the  WMA  at  the 
ponds.  This  entails  construction  of  habitat  for  waterfowl 
and  other  birds,  controlling  pond  water  levels,  etc. 
Exposures  to  surface  water  occur  from  working  in  this  area, 
almost  on  a daily  basis  throughout  the  year.  The  most 
likely  pathways  for  exposures  occur  through  inadvertent 
ingestion  and  dermal  contact  while  performing  job-related 
activities  at  the  site  (Gallager,  1988) . 
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Surface  waters  of  the  Mill-Willow  Bypass  contain  metal 
contaminants.  Exposure  to  these  waters  could  occur,  as  the 
bypass  flows  freely  adjacent  to  the  ponds  (it  is  not  fenced 
or  otherwise  restricted  in  access) . The  most  likely 
exposure  pathway  would  be  dermal  contact  or  incidental 
ingestion  by  children  from  the  area  playing  in  the  bypass. 
However,  MDFWP  personnel  have  not  observed  children  playing 
in  the  bypass  (Gallager,  1988) . 

Current  downstream  residents  could  contact  surface  waters 
that  carry  metals  during  high  flow  events.  High  flows 
(associated  with  fish  kills)  are  random  and  sporatic  events. 
Residents  could  contact  surface  waters  inadvertently  with 
exposure  due  primarily  to  dermal  contact. 

Potential  future  exposures  could  occur  for  downstream 
residents  during  flood  conditions  when  large  contaminant 
releases  would  be  carried  in  flood  waters.  The  primary 
routes  of  exposure  would  be  through  ingestion  and  dermal 
contact.  Flooding  could  also  result  in  the  spread  of 
contaminants  onto  the  downstream  floodplain  where,  after 
waters  recede  residents  could  be  exposed  through  contact 
with  dried  sediments. 

Sediments 


Sediments  of  both  the  pond  system  and  the  Mill-Willow  Bypass 
are  contaminated  with  metals.  Exposure  to  sediments  can 
occur  through  use  of  these  areas  by  recreationists  and  MDFWP 
employees.  Fisherman  could  contact  sediments  during  fishing 
activities;  hunters  could  encounter  sediments  during  entry 
into  duck  blinds,  entry  to  and  exit  from  boats;  etc.  MDFWP 
employees  contact  pond  sediments  almost  daily.  Exposure 
routes  would  include  incidental  ingestion  from  hand  to  mouth 
activity  (i.e.,  smoking,  eating  lunch)  after  contact  with 
the  sediments,  and  dermal  contact  with  sediments  on 
clothing,  boots,  personal  articles,  fish,  etc.  Once  wet 
sediments  have  dried  on  personal  articles  (i.e.,  clothing, 
boots) , they  could  become  airborne  from  dusting  and  shaking 
off  articles  and  then  could  be  inhaled  or  ingested. 

A prime  pathway  for  sediment  contact  is  when  sediments  are 
no  longer  covered  by  water  (exposed)  and  dry  out.  Exposed 
sediments  occur  in  several  areas  of  the  pond  system  and 
along  the  bypass;  where  surface  water  has  been  drawn  down 
and  previously-covered  sediments  are  now  dried,  or  where 
flooding  has  moved  sediments  that  were  covered  by  water  to 
higher  ground  in  the  floodplain.  Exposed,  unvegetated 
sediments  present  a pathway  for  inhalation  exposure  because 
this  material  can  become  wind-blown.  Approximately  250 
acres  of  exposed  sediments  occur  in  the  pond  system  and  20 
acres  of  exposed  sediments  occur  on  the  unvegetated 
floodplain  of  the  Mill-Willow  Bypass  (CH2M  HILL,  1989) . 

This  exposure  route  will  be  discussed  under  Air. 
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Exposure  to  dried  sediments  could  also  occur  through 
incidental  ingestion  during  hand  to  mouth  activity  by  people 
using  the  pond  system  for  recreational  purposes  or  by  MDFWP 
employees.  MDFWP  personnel  also  manage  the  agricultural 
areas  within  the  pond  system.  Activities  associated  with 
planting  crops,  tilling  soil,  etc.,  could  increase  the 
friability  of  these  soils  (sediments)  and  increase  the  dust 
content  of  these  areas  during  such  activities.  Exposures 
could  occur  through  incidental  ingestion  of  dried  sediments 
and  dermal  contact  during  activities  relating  to  planting, 
etc.  Children  playing  in  locations  downstream  along  the 
Clark  Fork  River,  where  sediments  have  migrated  from  the 
site,  could  also  be  exposed  to  contaminated  material  through 
dermal  contact  and  incidental  ingestion. 

Future  exposure  pathways  are  likely  to  be  the  same  as  those 
described  above  for  present  use.  However,  the  magnitude  of 
downstream  exposure  could  be  greatly  increased  as  a result 
of  flooding.  A 100-year  flood  would  transport  large 
quantities  of  sediment  downstream  (especially  if  the  dikes 
failed)  and  could  cause  extensive  contamination  of  the 
floodplain.  If  flood  waters  spread  laterally  from  the  river 
into  the  uplands,  deposits  may  be  left  adjacent  to  homes. 
Exposure  could  occur  through:  ingestion  of  dried  sediments 
by  children  playing  in  their  yards;  inhalation  by  residents 
of  wind-blown,  sediment-laden  dust;  ingestion  of  wind-blown 
dust;  and/or  contamination  of  garden  areas  that  could  result 
in  ingestion  of  material  on  unwashed  garden  products  or 
ingestion  of  plants  that  have  accumulated  contaminants  from 
the  sediments. 

Air 


No  data  are  available  to  determine  the  presence  or  absence  of 
contaminants  in  the  air.  However,  the  exposed,  unvegetated 
sediments  are  fine  in  texture  (CH2M  HILL,  1988)  and, 
therefore,  can  become  wind  blown.  Dust  storms  have  been  a 
common  sight  at  the  ponds  in  past  years.  Many  of  these 
observed  dust  storms  have  emanated  from  the  adjacent 
Opportunity  Ponds  area  (Grotbo,  1988) . Inhalation  exposures 
could  occur  to  those  using  the  pond  system  during  dusty 
conditions  or  to  residents  living  north  and  northwest 
(predominant  downwind  direction)  of  the  pond  system.  The 
magnitude  of  exposure  would  depend  on  the  entrainability  of 
the  surface  material;  particle  size;  concentration  of 
contaminants  in  the  dust;  wind  speed,  direction,  and 
duration;  duration  of  exposure;  and  numerous  other  factors 
that  influence  suspension  and  transport  of  dried  sediment. 

Future  exposures  would  be  similar  to  potential  current 
residential  exposures  if  residential  development  occurs  at 
the  ponds. 
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Biota 


The  potential  exists  for  biota  of  the  pond  system  to 
accumulate  contaminants  found  in  the  media  onsite.  Data 
obtained  during  the  fish  tissue  investigation  (Multitech, 
1986)  indicate  some  bioconcentrating  of  selected  metals  has 
occurred  in  both  muscle  and  liver  tissue  (concentrations  are 
higher  in  tissue  than  found  in  surrounding  water) . However, 
muscle  tissue  concentrations  were  found  to  be  similar  to 
those  found  in  fish  from  other  locations  (background) . The 
pond  system  is  a catch  and  release  fishing  area,  however,  the 
potential  for  poaching  exists.  If  persons  consume  fish  from 
the  ponds,  they  could  be  exposed  to  constituents  in  fish 
tissue.  Even  though  concentrations  of  contaminants  in  fish 
tissue  are  similar  to  background  fish  tissue  concentrations, 
exposures  through  all  media  are  additive  and  consumption  of 
fish  tissue  will  add  to  the  total  exposure. 

Waterfowl  have  also  been  investigated  for  the  presence  of 
contaminants  in  tissue.  Data  indicate  that  contaminants 
analyzed  for  are  not  present  above  background  concentrations 
in  waterfowl  muscle  tissue.  However,  as  described  above, 
exposures  are  additive  and  exposure  to  even  background 
concentrations  of  contaminants  through  ingestion  of 
waterfowl  by  recreationists  (hunters)  should  be  considered. 

POTENTIAL  RECEPTORS 


Potential  receptors  to  current  exposure  pathways  identified 

above  are  primarily: 

* Persons  that  utilize  the  Warm  Springs  Ponds  for 

recreational  purposes.  This  would  be  predominantly 
residents  from  adjacent  areas,  such  as  Warm  Springs, 
Opportunity,  and  the  east  side  of  the  ponds.  Residents 
from  the  town  of  Anaconda  and  Butte  are  also  known  to 
use  the  ponds  for  hunting  and  fishing  (Gallager,  1988) , 
but  may  not  be  as  frequent  users  as  those  closer  to  the 
site.  This  receptor  population  also  includes  persons 
permitted  to  trap  within  the  pond  system  from  November 
through  April  and  those  that  collect  honey  from  the  bee 
operation. 

■ Employees  of  MDFWP  that  work  within  the  Wildlife 
Management  area  of  the  ponds.  The  total  number  of 
persons  that  work  in  this  area  is  2 (Gallager,  1988) . 
They  normally  work  in  and  around  the  ponds  daily,  all 
year  round  except  for  weekends,  holidays  and  vacations. 

■ Residents  that  live  downwind  of  the  ponds.  This  would 
include  residents  of  the  town  of  Warm  Springs  and 
potentially,  those  east  of  the  ponds  during  portions  of 
the  year  when  winds  blow  in  their  direction.  Residents 
have  been  divided  into  four  age  groups  to  obtain  a 
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better  estimate  on  exposure  throughout  a lifetime 
(differing  habits  [and  to  mouth  activity],  body  weight, 
activity  rate,  etc.  will  affect  exposures  to  various 
media) . Age  groups  consist  of  children  1 to  4 years, 
older  children  from  5 to  11  years,  adolescents  12  to  18 
years,  and  adults  ages  19  years  and  older. 

■ Children  that  play  within  and  along  the  Clark  Fork 
River  downstream  of  the  site.  Population  estimates  for 
this  group  of  receptors  are  not  available,  but  are 
anticipated  to  be  small. 

Future  potential  receptors  could  include: 

■ Those  persons  living  in  residential  developments  on  the 
ponds.  These  residents  would  be  of  the  same  age  groups 
as  described  above. 

■ Residents  that  live  downstream,  in  the  floodplain  and 
uplands  of  the  Clark  Fork  River.  At  present,  no 
population  estimates  are  available  for  these  receptors. 

Tables  4-1  and  4-2  summarize  potential  exposure  pathways  and 

receptors  associated  with  the  Warm  Springs  Ponds,  for  current 

and  potential  future  use  of  the  area,  respectively. 

EXPOSURE  SCENARIOS 

Current  Scenarios 


Three  current  exposure  scenarios  are  apparent  from  the  above 
discussions  of  exposure  pathways  and  potential  receptors. 
They  are  recreational,  occupational  and  residential. 

The  frequency  and  duration  of  use  of  the  area  for  each 
scenario  will  determine  the  length  of  time  a receptor  is 
potentially  exposed  to  contaminants  through  each  pathway 
identified.  No  data  exist  to  determine  the  true  frequency 
and  duration  of  exposure.  Therefore,  assumptions  have  been 
made  for  these  variables  of  exposure  for  each  scenario  based 
on  conversations  with  persons  who  live  in  the  Warm  Springs 
area  and  are  familiar  with  activities  occurring  at  the  ponds 
(Gallager,  1988  and  Manning,  1988) . 

Recreational . The  recreational  scenario  is  a predominant 
pathway  of  exposure  to  contaminants  originating  from  the 
site  as  it  encompasses  many  different  types  of  potential 
intake.  Persons  using  the  site  for  recreation  can  be 
exposed  to  contaminants  through: 

■ Incidental  ingestion  of  surface  water, 

■ Dermal  contact  with  surface  water, 

■ Incidental  ingestion  of  sediments  (both  wet  and  dry) , 

■ Dermal  contact  with  sediments  (both  wet  and  dry) , 
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TABLE  4-1 

Potential  Current  Human  Pathways  of  Exposure 
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APPENDIX  A TABLE  4-2 

Potential  Future  Human  Pathways  of  Exposure 
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Inhalation  and  subsequent  ingestion  of  wind-blown 
sediments , 

Ingestion  of  waterfowl  from  the  pond  area, 

* Although  illegal,  ingestion  of  fish  from  the  ponds. 

Recreationists  include  both  fishermen  and  hunters. 

Fishermen  are  assumed  to  use  the  site  for  fishing  four  hours 
per  day,  each  day  of  the  weekend  during  the  season.  As  the 
best  fishing  occurs  in  the  Wildlife  Ponds,  and  these  ponds 
have  a split  season  (May  through  June  and  mid-August  through 
September) , a total  of  28  days  per  year  is  obtained. 

Although  keeping  fish  in  a designated  catch-and-release  area 
is  illegal  (poaching) , it  is  feasible  that  this  may 
sporadically  occur.  However,  this  practice  would  not  occur 
every  time  the  area  was  used,  nor  with  every  fish  caught. 

An  assumption  of  this  assessment  is  that  one  fish  per 
weekend-use  is  kept  for  consumption  (for  a total  of  14  fish 
per  season) . Local  adult  fishermen  are  assumed  to  use  this 
area  over  a 30-year  period. 

Hunting  season  is  open  for  90  days,  from  October  through 
December,  over  approximately  thirteen  weekends.  A 
reasonable  estimate  for  local  residents  to  engage  in  duck 
hunting  is  one  day  per  week,  or  13  days  of  the  season.  Time 
spent  at  the  ponds  averages  4 hours  for  each  excursion. 

Using  MDFWP  estimates,  the  average  hunter  harvests  1.5  ducks 
for  each  2.3  hours  spent,  therefore,  2.6  ducks  are  taken  in 
4 hours  at  the  ponds  (Gallager,  1988) . For  this  assessment 
it  is  assumed  that  3 ducks  per  day  are  taken,  which  totals 
39  ducks  per  season.  Again,  local  residents  are  assumed  to 
use  this  area  over  a 30-year  period. 

Occupational . MDFWP  employees  who  work  at  the  ponds  could 
come  into  contact  with  contaminants  at  the  site  through: 

Incidental  ingestion  of  surface  water, 

Dermal  contact  with  surface  water, 

Incidental  ingestion  of  sediments, 

Dermal  contact  with  both  wet  and  dry  sediments, 

* Inhalation  and  subsequent  ingestion  of  wind-blown 
sediments . 

From  discussions  with  MDFWP  employees,  they  spend  at  least  8 
hours  on  the  ponds  each  working  day,  regardless  of  the 
season.  Employees  maintain  the  ponds,  irrigate  the 
agricultural  areas,  work  the  agricultural  areas,  clean  the 
intake  gates,  the  siphons,  move  piping,  etc.  They  contact 
surface  water  and  sediments  almost  on  a daily  basis.  MDFWP 
has  a 30-year  retirement  and  most  employees  remain  in  their 
position  for  that  time  (Gallager,  1988) . 

Residential . Current  residential  exposures  to  site 
contaminants  are  primarily  through  inhalation  of  wind-blown, 
sediment-laden  dust  and  incidental  ingestion  of  settled 
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dust.  For  this  assessment,  it  is  assumed  that  dust  is  not 
generated  during  the  150  days  of  snow  cover  each  year. 
However,  dust  could  be  present  during  the  other  215  days 
each  year.  Since  specific  meteorological  information  for 
the  site  is  not  available,  it  will  be  assumed  that  dust 
could  be  present  all  215  days  of  the  year.  A 24  hour 
exposure  period  will  be  used  to  account  for  outdoor  dust  as 
well  as  household  dust  (indoor  household  dust  is 
approximately  80%  of  the  concentration  of  outdoor  dust 
(Hawley,  1986) ) . This  may  overestimate  the  actual  exposure, 
but  will  not  likely  underestimate  it.  It  is  further  assumed 
that  a person  lives  at  the  same  location  for  their  entire 
70-year  lifetime. 

Exposure  scenarios  could  overlap,  for  example,  a downwind 
resident  could  also  use  the  ponds  for  recreational  purposes 
and  be  exposed  through  all  potential  recreational  pathways. 

Residents  that  currently  live  downstream  of  the  site  could 
be  exposed  through  contact  with  surface  waters  during  high 
flow  events.  These  events  are  sporatic  and  contact  is 
assumed  to  be  minimal.  This  pathway  will  not  be  considered 
further  in  this  assessment. 

Potential  Future  Scenarios 


Onsite  Residential.  Future  use  of  the  area  is  anticipated 
to  remain  similar  to  the  current  use.  Recreational  and 
occupational  exposures  are  not  anticipated  to  change.  New 
developments  are  not  planned  within  the  county;  the  county 
is  economically  depressed  and  the  population  is  shrinking 
(Manning,  1988) . Unless  the  economic  base  changes,  it  is 
unlikely  that  new  developments  will  occur.  However,  to 
evaluate  the  worst  possible  exposures  at  the  site,  a 
residential  scenario  will  be  evaluated  for  development  on 
the  ponds,  using  the  shallow  groundwater  aquifer  as  the  sole 
source  of  drinking  water  and  pond  sediments  as  the  substrata 
for  a housing  development. 

A development  of  this  sort  is  highly  unlikely  due  to  its 
location  within  the  floodplain  and  in  an  area  of  groundwater 
discharge.  Further,  it  is  unlikely  that  anyone  would 
utilize  the  shallow  groundwater  as  a drinking  water  source 
since  the  color  of  the  water  (orange)  and  taste  (high  iron 
content)  are  offensive.  Recognizing  these  limitations  on 
the  development  of  the  area,  but  in  an  effort  to  assist  in 
bounding  the  degree  of  contamination  from  a health 
perspective,  the  following  exposures  are  hypothesized: 

Ingestion  of  shallow  aquifer  groundwater  on  a daily 
basis 

Dermal  contact  with  groundwater  during  household  use 
(including  showering) 

Inhalation  of  aerosols  during  showering 


4-14 


Ingestion  of  garden  vegetable  irrigated  with  shallow 
groundwater 

Incidental  ingestion  of  soils  (dried  sediments) 

Dermal  contact  with  soils  (dried  sediments) 

® Inhalation  and  subsequent  ingestion  of  wind-blown  soils 
(including  household  dust) . 

Residential  scenarios  include  exposure  to  all  age  groups  and 
assumes  a 70-year  lifetime  continuously  spent  in  the  same 
location . 

Downstream  Residential.  Exposures  to  downstream  residents 
could  occur  in  the  future  as  the  result  of  catastrophic 
events  such  as  flooding  or  earthquake-induced  dam 
instability.  Catastrophic  events  that  spread  contaminants 
downstream  could  result  in  exposures  through: 

Contamination  of  drinking  water  supplies 
u Inhalation  of  dried  sediments  from  widespread 

contamination  of  downstream  floodplains  and  upland 
areas  with  inorganics  that  may  be  in  a more  toxic  form 
due  to  oxidizing  conditions 

ESTIMATION  OF  HUMAN  INTAKE 

The  quantity  of  a media  taken  into  the  body  through  an 
exposure  route  (inhalation,  ingestion,  etc.)  is  termed  the 
human  intake  factor  and  is  expressed  in  units  of  media  per 
unit  body  weight  per  unit  of  time.  It  can  be  expressed  on  a 
daily  basis  or  on  a daily  basis  averaged  over  a lifetime. 
Lifetime  exposures  take  into  account  the  duration  of  the 
exposure,  such  as  40  days  per  year  over  ten  years  out  of  a 70 
year  lifetime,  the  age  during  which  exposures  occur,  the  body 
weight  during  the  exposure  period,  and  other  factors  which 
influence  lifetime  exposures.  These  are  further  explained  in 
this  section. 

Standardized  assumptions  are  available  for  adult  body 
weight,  70  kg,  and  for  intake  of  selected  media  (U.S.EPA, 
1986c).  For  example,  U.S.  EPA  estimates  adults  consume  2 
liters  of  drinking  water  each  day.  If  groundwater  was  a 
medium  through  which  exposure  to  contaminants  potentially 
occurred,  the  daily  intake  estimate  of  groundwater  is  2 
liters/day  for  a 70  kg  person,  or  0.029  1/kg  body  weight/day 
(U.S.  EPA,  1986c).  For  daily  ingestion  of  groundwater  over 
a lifetime,  the  quantity  consumed  by  age  and  body  weight 
(younger  ages  consume  about  half  the  quantity  of  adults,  but 
because  of  their  lower  body  weight,  the  proportion  is 
higher)  must  be  averaged  over  the  exposure  period,  which  in 
this  case,  is  70  years. 

Interim  guidance  on  soil  ingestion  rates  became  available 
after  the  initial  drafts  of  this  PHEA  (Porter,  1989) . Two 
ingestion  rates  were  suggested,  one  for  adults  and  one  for 
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children  ages  one  through  six  years.  These  rates  were  based 
on  residential  exposure  only.  The  rates  suggested  are  not 
used  in  this  assessment.  However,  the  range  of  rates  that 
are  used  in  this  assessment  (desccribed  in  the  following 
paragraphs)  incorporate  those  suggested  in  the  interim 
guidance. 

When  standardized  intakes  are  not  available,  a range  of 
intake  values  may  provide  a better  estimate  of  the  "actual" 
intake.  (The  range  of  intakes  are  selected  to  overestimate, 
but  not  underestimate  the  actual  intake.)  Intake  values 
representing  a range  are  presented  as  "most  probable"  and 
"maximum  plausible"  intakes. 

It  is  not  possible  to  quantify  intake  of  each  media  through 
all  pathways  of  exposure.  Only  the  primary  routes  of 
exposure  are  quantified  below.  If  intake  through  an 
exposure  pathway  cannot  be  quantified,  the  reasons  are 
discussed. 

Current  Recreational. 

Incidental  ingestion  of  surface  water,  pond  sediment,  and 
dried  sediments  by  adults  through  recreational  activities 
could  occur  through  contact  with  the  medium  and  subsequent 
hand-to-mouth  contact  as  in  eating,  drinking,  or  smoking 
prior  to  washing  the  hands,  or  inhaling  sediment-laden  dust. 
It  is  unlikely  that  recreationists  bring  freshwater  to  wash 
their  hands  prior  to  those  activities  while  at  the  site. 
Estimates  of  intake  of  each  medium  through  inadvertent 
contact  during  recreational  activities  are  not  readily 
available  and  must  be  made  from  other  similar  activities. 
Assumptions  used  to  estimate  intake  of  each  media  through 
recreational  exposures  and  the  calculations  used  to  obtain 
intake  are  summarized  in  Table  4-3. 

Surface  Water.  U.S.  EPA  (1987a)  estimated  children  will 
inadvertently  consume  50  ml  of  water  during  a swim  event, 
when  total  body  immersion  occurs.  Applying  this  estimate  to 
adults  who  may  be  wading  into  the  ponds,  leaning  from  boats, 
etc.,  it  is  reasonable  to  assume  that  one-tenth  of  this 
value,  5 ml,  could  be  accidentally  consumed  through 
splashing,  wiping  the  mouth  with  wet  hands,  etc.  The 
maximum  plausible  estimate  for  an  adult  is  assumed  to  be 
half  the  50  ml  estimate  for  children,  or  25  ml. 

The  most  probable  daily  intake  of  surface  water  through 
incidental  ingestion,  on  a body  weight  basis  for  an  adult  is 
0.07  ml  of  surface  water/kg  body  weight/day.  The  maximum 
plausible  daily  intake  is  0.36  ml  of  surface  water/kg  body 
weight/day. 

The  lifetime  intake  of  surface  water  considers  the  41  days 
spent  at  the  ponds  each  year  for  30  years  over  a 70  year 
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APPENDIX  A TABLE  4-3 

RECREATIONAL  SCENARIO  ESTIMATED  MEDIA  INTAKE  AND  ASSUMPTIONS 
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APPENDIX  A TABLE  4-3  (continued) 
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lifetime.  The  most  probable  daily  intake  averaged  over  a 
lifetime  is  0.003  ml  of  surface  water/kg  body  weight/day. 

The  maximum  plausible  intake,  using  the  25  ml/day  results  in 
a daily  intake  of  0.017  ml  of  surface  water/kg  body 
weight/day  over  a lifetime. 

Dermal  absorption  of  contaminants  in  surface  water  through 
immersion  of  the  hands  could  occur.  The  methodology  for 
determining  intake  of  contaminants  through  dermal  absorption 
is  not  as  well  developed  as  for  other  routes.  The  method 
used  for  this  assessment  was  based  on  a review  of  the 
literature  (Levin,  et  al,  1984;  Maibach  and  Anjo,  1981; 
Hawley,  1985;  Vanderslice,  1988) 

Recreational  activities  such  as  fishing  and  hunting  do  not 
provide  for  continual  immersion  of  hands,  but  this  activity 
may  occur  intermittently  over  the  period  of  time  spent  at  the 
ponds.  This  assessment  will  assume  that  the  hands  and 
forearms  are  immersed  for  a period  of  5 to  15  minutes  for 
each  day  spent  at  the  ponds.  As  previously  stated, 
recreationists  spend  an  average  of  41  days/year  at  the  ponds. 
The  surface  area  of  adult  hands  and  forearms  is  approximately 
1700  cm2  (Hawley,  1985) . Daily  intake  through  dermal 
absorption  can  be  calculated  with  the  equation: 


Permeability  constants  are  specific  to  the  compound  for 
which  dermal  absorption  is  being  calculated.  Permeability 
constants  for  inorganic  metal  ions  are  not  readily 
available,  as  metals  in  water  do  not  penetrate  the  skin  to 
any  large  degree  (Vanderslice,  1988) . However,  a 
permeability  constant  for  aluminum  ions  of  7 x lO*6  cm/hr  was 
published  in  1966  (U.S.  EPA  1987a).  If  it  is  assumed  that 
this  value  is  constant  for  all  other  inorganic  metals  (not  a 
realistic  situation) , the  dermal  daily  intake  from  water  can 
be  calculated. 

The  most  probable  daily  absorption  of  surface  water  for  an 
adult  is  1.4  x 10'5  ml  of  surface  water/kg  body  weight/day. 
The  maximum  plausible  daily  intake  is  4.3  x lCT5  ml  of 
surface  water/kg  body  weight/day. 

The  lifetime  absorption  of  surface  water  considers  the  41 
days  spent  at  the  ponds  each  year  for  30  years  over  a 70 
year  lifetime.  The  most  probable  daily  absorption  averaged 
over  a lifetime  is  7 x 10'7  ml  of  surface  water/kg  body 


C x D x Pc 


Where: 


Ad 

C 

D 

Pc 


Dermal  Absorption 
Contact  Area  (cm2) 

Duration  of  Exposure  (hr/day) 
Permeability  Constant  (cm/hr) 
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weight/day.  The  maximum  plausible  absorption,  using  the 
higher  immersion  time  results  in  a daily  absorption  of  2 x 
10-*  ml  of  surface  water/kg  body  weight/day  over  a lifetime. 

Sediments . Lagoy  (1987)  reports  that  50  mg/day  is  an 
estimate  of  soil  (in  this  case,  sediment,  either  wet  or  dry) 
intake  for  people  who  have  frequent  hand-to-mouth  contact 
(e.g.,  smokers)  or  who  are  in  direct  contact  with 
contaminated  solids.  This  value  will  be  used  as  the  maximum 
plausible  intake  rate  for  sediments.  Lagoy  further  states 
that  half  this  amount,  or  25  mg/day,  is  a reasonable 
estimate  of  the  average  solids  ingestion  rate  for  adults 
under  most  conditions.  However,  U.S.  EPA  (1987a)  reports  a 
value  of  10  mg/day  as  an  estimate  of  solids  ingestion  by 
persons  over  18  years  of  age.  This  rate,  10  mg/day,  will  be 
used  for  the  most  probable  intake  rate  for  sediments.  For 
this  assessment,  it  is  assumed  the  half  of  the  intake  is 
from  contact  with  pond  bottom  sediments  and  half  is  from 
contact  with  dried  sediments  on  the  berms,  dikes,  and  open 
exposed  area  of  the  ponds. 

The  most  probable  daily  intake  of  pond  sediments  and  exposed 
sediments  for  an  adult  through  ingestion  is  0.14  mg  of 
sediment/kg  body  weight/day.  The  maximum  plausible  daily 
intake  is  0.7  mg  of  sediment/kg  body  weight/day. 

The  lifetime  intake  of  sediment  considers  the  41  days  spent 
at  the  ponds  each  year  for  30  years  over  a 70  year  lifetime. 
The  most  probable  daily  intake  averaged  over  a lifetime  is 
0.007  mg/kg  body  weight/day.  The  maximum  plausible  intake, 
using  the  50  mg/day  intake  results  in  a daily  intake  of  0.03 
mg  of  sediment/kg  body  weight/day  over  a lifetime. 

Numerous  factors  must  be  known  to  estimate  the  amount  of 
contaminant  that  can  be  absorbed  through  dermal  contact  with 
sediments.  A primary  factor  is  how  tightly  the  contaminant 
is  bound  to  the  sediment.  It  is  anticipated  that  the 
contribution  of  metal  contaminants  from  contact  with  soils 
will  be  negligible  because  of  the  strong  binding  to  soil  and 
the  poor  absorption  through  skin  (Vanderslice,  1988) . 

Dermal  absorption  from  sediments  (soils)  is  probably 
insignificant  relative  to  other  exposure  routes  (Clement, 
1986)  and  will  not  be  quantitatively  addressed  in  this 
assessment . 

Air.  Inhalation  rate  estimates  are  fairly  standardized 
(U.S.  EPA  1987a).  Adults  performing  light  activity  have  an 
average  inhalation  rate  of  1.3  m3/hr  and  an  average 
inhalation  rate  of  0.6  m3/hr  while  resting  (U.S.  EPA, 

1987a) . A recreationist  spends  an  estimated  4 hours/day  at 
the  site.  The  most  probable  daily  air  inhalation  rate  for 
an  adult  using  the  site  for  recreation  is  0.03  m3  of  air/kg 
body  weight/day  through  which  intake  of  dried  sediments  in 
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dust  can  occur.  The  maximum  plausible  daily  inhalation  rate 
is  0.07  m3/kg  body  weight/day. 

The  lifetime  inhalation  rate  through  which  intake  of  sediment- 
laden air  can  occur  considers  the  41  days  per  year  at  the 
site,  both  fishing  (28  days)  and  hunting  (13  days) . However, 
during  hunting  season  the  potential  exists  for  snow  cover  to 
be  present  from  November  through  December  (9  days  out  of  the 
13  available) . This  would  limit  the  exposure  period  during 
hunting  season  to  four  days  that  inhalation  of  wind-blown, 
dried  sediment  could  occur.  Therefore,  the  frequency  of 
exposure  to  wind-blown  dried  sediments  from  recreational  use 
of  the  ponds  is  32  days/year  (28  days  during  fishing  season 
plus  4 days  during  hunting  season) . The  duration  of  exposure 
for  recreational  activities  at  the  ponds  is  30  years.  The  most 
probable  daily  intake  averaged  over  a lifetime  is  0.001  m3  of 
air/kg  body  weight/day.  The  maximum  plausible  intake,  using 
the  rate  of  1.3  m3/day  results  in  a lifetime  daily  intake  of 
0.003  m3  of  air/kg  body  weight/day. 

According  to  the  site  specific  particle  size  data,  24.6%  of 
the  exposed  sediments  in  the  pond  system  are  within  the 
respirable  range  (less  than  10  ^m  in  size) . For  each  of  the 
above  intake  estimates  only  24.6%  of  what  is  inhaled  is  able 
to  reach  the  lungs  for  absorption.  It  is  assumed  that  the 
remainder  (approximately  75%)  is  exhaled  from  the 
respiratory  tract  and  subsequently  swallowed.  The  percent 
of  each  compound  that  is  absorbed  by  the  lungs  depends  on 
the  properties  of  the  compound. 

Fish . The  U.S.  EPA  has  estimated  standardized  fish  intake 
at  6.5  g/day  (U.S.  EPA  1986c).  This  estimate  may  vary  due  to 
site  specific  conditions.  If  14  fish  per  season  (year)  are 
taken  illegally  (poached)  from  the  ponds,  and  each  fish 
taken  weighs  between  3 and  5 pounds,  and  approximately  50% 
of  a fish  is  edible  flesh  (Foster,  1988) , 21  to  35  lb.  (9450 
to  15750  g when  450  g = 1 lb.)  of  fish  could  be  consumed 
yearly  for  every  year  fish  are  poached.  If  one  person 
consumed  all  available  fish  tissue,  25.9  to  43.2  g/day  would 
represent  the  yearly  intake  of  fish. 

Therefore,  the  most  probable  daily  intake  of  fish  tissue  for 
an  adult  is  0.37  g/kg  body  weight/day.  The  maximum 
plausible  daily  intake  is  calculated  as  0.6  g/kg  body 
weight/day. 

The  most  probable  daily  intake  averaged  over  a lifetime  for 
30  years  of  poaching  fish  is  0.16  g/kg  body  weight/day.  The 
maximum  plausible  daily  intake  averaged  over  a lifetime  is 
calculated  as  0.26  g of  fish/kg  body  weight/day. 

Waterfowl . It  is  assumed  that  all  waterfowl  taken  from  the 
ponds  are  used  for  consumption  and  only  the  breast  tissue  is 
used.  Approximately  20  to  25%  of  the  total  weight  of  the 
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bird  is  breast  tissue  (Foster,  1988) . The  average  weight  of 
an  adult  bird  from  the  Warm  Springs  Ponds  is  approximately 
1000  g (Multitech,  1986d) . If  39  birds  are  taken  per  season 
and  200  to  250  g of  breast  tissue  are  available  from  each 
bird,  between  7800  and  9750  total  grams  of  waterfowl  flesh 
could  be  consumed  each  year  in  which  hunting  occurred.  If 
one  person  consumed  all  the  available  game,  21  g to  27  g/day 
would  represent  the  yearly  intake  of  waterfowl. 

The  most  probable  daily  intake  of  waterfowl  tissue  for  an 
adult  is  then  0.3  g of  bird/kg  body  weight/day.  The  maximum 
plausible  daily  intake  is  0.39  g of  bird/kg  body  weight/day. 

The  most  probable  daily  intake  averaged  over  a lifetime  for 
30  years  of  hunting  is  0.13  g of  bird/kg  body  weight/day. 

The  maximum  plausible  lifetime  daily  intake  is  0.17  g of 
bird/kg  body  weight/day. 

Current  Occupational. 

Assumptions  used  in  the  calculation  of  the  intake  factors 
for  each  media,  the  calculations,  and  the  resulting  intake 
factors,  both  daily  and  lifetime  daily  averages  are 
summarized  in  Table  4-4. 

Surface  Water.  The  maximum  plausible  intake  of  surface  water 
through  daily  inadvertent  ingestion  remains  the  same  as  the 
recreational  scenario  at  25  ml/day.  The  most  probable  intake 
also  remains  the  same  as  recreational  exposures  at  5 ml/day. 
The  most  probable  daily  intake  of  surface  water  for  a worker 
through  inadvertent  ingestion  is  0.07  ml  of  surface  water/kg 
body  weight/day.  The  maximum  plausible  daily  intake  is  0.36 
ml  of  surface  water/kg  body  weight/day. 

The  lifetime  intake  of  surface  water  for  those  occupationally 
exposed  is  extended  to  5 days  per  week,  50  weeks  per  year 
(taking  into  consideration  vacations  and  holidays)  over  a 30- 
year  work  lifetime.  This  results  in  a most  probable  daily 
intake  averaged  over  a lifetime  of  0.02  ml  of  surface 
water/kg  body  weight/day.  The  maximum  plausible  daily  intake 
is  0.11  ml  of  surface  water/kg  body  weight/day. 

Skin  contact  through  immersion  of  the  hands  in  water  occurs 
year-round  for  the  occupational  scenario.  It  is  assumed 
that  more  activities  occur  occupationally  that  require  water 
contact  and  therefore  immersion  times  are  longer  than  for 
the  recreational  scenario.  Although  numerous  factors  affect 
the  permeability  of  metals  through  skin,  including 
temperature,  pH,  etc. , and  these  factors  change  throughout 
the  year  at  the  ponds,  it  is  assumed  for  this  assessment 
that  the  permeability  constant  remains  the  same.  The  most 
probable  duration  of  each  exposure  is  estimated  to  be 
approximately  30  minutes/day  while  the  maximum  plausible 
duration  of  each  exposure  is  estimated  to  be  1.5  hr/day. 
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APPENDIX  A TABLE  4-4 

OCCUPATIONAL  SCENARIO  ESTIMATED  MEDIA  INTAKE  AND  ASSUMPTIONS 
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This  results  in  a most  probable  daily  absorption  of  surface 
water  for  a worker  of  8.5  x 10'5  ml/kg  body  weight/day  and  a 
maximum  plausible  daily  absorption  of  surface  water  for  a 
worker  of  2.55  x 10-4  ml/kg  body  weight/day. 

The  lifetime  absorption  of  surface  water  extends  the 
exposure  frequency  to  250  days/year  (5  days  per  week  for  50 
weeks  per  year)  for  each  of  30  years  averaged  over  a 70  year 
lifetime.  The  most  probable  daily  absorption  of  surface 
water  averaged  over  a lifetime  is  2.5  x 10’5  ml/kg  body 
weight/day  and  the  maximum  plausible  absorption,  using  the 
longer  time  daily  results  in  a lifetime  daily  absorption  of 
7.5  x 10'5  ml/kg  body  weight/day. 

Sediments . Intake  estimates  for  the  occupational  exposure 
will  remain  the  same  as  the  recreational  scenario,  only  the 
frequency  will  change.  The  most  probable  intake  will  remain 
as  10  mg/day  and  the  maximum  plausible  intake  as  50  mg/day. 

On  a body  weight  basis  the  most  probable  daily  intake  for  a 
worker  is  0.14  mg/kg  body  weight/day  and  the  maximum 
plausible  intake  is  0.7  mg/kg  body  weight/day. 

The  daily  intake  for  a lifetime  extends  the  250  days  per 
year  for  each  of  30  years  worked  over  a 70  year  lifetime. 

The  most  probable  lifetime  daily  intake  is  0.04  mg 
sediment/kg  body  weight/day  and  the  maximum  plausible 
lifetime  daily  intake  is  0.21  mg  sediment/kg  body 
weight/day. 

As  with  the  recreational  scenario,  dermal  absorption  of 
contaminants  through  contact  with  sediments  will  not  be 
estimated. 

Air.  Inhalation  rates  for  workers  are  based  on  a light- 
activity  rate  of  1.3  m3/hr  and  a moderate  activity  rate  of 
2.8  m3/hr  for  most  probable  and  maximum  plausible, 
respectively.  The  total  duration  of  daily  exposure  is  8 
hours.  The  most  probable  daily  inhalation  rate  for  a worker 
is  0.15  m3  of  air/kg  body  weight/day.  The  maximum  plausible 
daily  inhalation  rate  for  a worker  while  on  the  ponds  is  0.32 
m3  of  air/kg  body  weight/day. 

As  in  the  recreational  scenario,  dust  exposures  are 
eliminated  in  the  winter  (November  through  March)  due  to 
snowfall  and  frozen  ground,  reducing  the  number  of  work  days 
from  250  to  150  work  days.  Although  46%  of  the  total 
precipitation  occurs  in  May,  June,  and  July,  potential 
exposures  to  dust  will  not  be  reduced  by  precipitation  in  an 
effort  to  provide  conservative  estimates.  (In  addition, 
specific  meteorological  information  is  not  available  to 
determine  the  number  of  days  with  precipitation  greater  than 
0.01".)  The  lifetime  daily  inhalation  rate  for  a worker 
while  on  the  ponds  considers  the  frequency  of  exposure,  150 
days/year  for  each  of  30  years,  averaged  over  a 70  year 
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lifetime.  The  most  probable  lifetime  daily  inhalation  rate 
is  0.026  mg  of  air/kg  body  weight/day.  The  maximum  plausible 
lifetime  daily  inhalation  rate  is  0.056  mg  of  air/kg  body 
weight/day. 

And,  as  with  the  recreational  scenario,  site  specific 
particle  size  data  estimates  24.6%  of  the  exposed  sediments 
in  the  pond  system  are  within  the  respirable  range  (less 
than  10  iim  in  size)  . For  each  of  the  above  intake  estimates 
only  24.6%  of  what  is  inhaled  is  able  to  reach  the  lungs  for 
absorption.  It  is  assumed  that  the  remainder  (approximately 
75%)  is  exhaled  from  the  respiratory  tract  and  subsequently 
swallowed.  The  percent  of  each  compound  that  is  absorbed  by 
the  lungs  depends  on  the  properties  of  the  compound. 

Current  Residential 


Air.  Standardized  inhalation  rates  are  available  for  the 
various  age  groups  considered  in  the  residential  scenario. 
Children  ages  1 to  4 years  have  an  estimated  inhalation  rate 
of  5 m3/day,  older  children  ages  5 to  11  years  have  an 
estimated  inhalation  rate  of  10  m3/<day,  adolescents 
estimated  inhalation  rate  is  17  m3/day  (Clement,  1988)  and 
adults  inhalation  rate  is  estimated  at  20  m3/day  (EPA, 

1986c) . A range  of  inhalation  rates  were  not  generated  for 
this  pathway,  primarily  because  the  daily  adult  inhalation 
rate  of  20  m3  is  well  accepted  value. 

Daily  inhalation  rate  for  each  age  group  is  based  on  the 
average  body  weight  for  each  age  group.  The  daily 
inhalation  rate  for  each  age  group  is  presented  on  Table  4- 
5,  for  example,  young  children  ages  1 to  4 have  a daily 
inhalation  rate  of  0.36  m3  of  air/kg  body  weight/day  based 
on  a 14  kg  body  weight. 

Inhalation  of  wind-blown  sediments  arising  from  the  site 
could  occur  approximately  24  hours/day  for  215  days/year. 
This  accounts  for  the  days  when  snow-cover/frozen  ground  is 
present  at  the  ponds  and  dust  is  not  possible  (snow  is 
present  at  the  site  from  November  to  March  or  150  days) . 

For  conservative  estimates,  it  is  assumed  that  all  of  the 
215  days  are  potential  dust  days,  even  though  winds  blow 
predominantly  to  the  north/northwest  only  about  40%  of  time. 
For  lifetime  residential  exposures,  intake  must  be  averaged 
over  the  various  age  and  body  weights  and  the  number  of 
years  spent  in  each  group.  The  calculation  for  lifetime 
daily  inhalation  rate,  as  presented  on  Table  4-5,  results  in 
a value  of  0.17  m3/kg  body  weight/day. 

And,  as  described  in  the  previous  scenarios,  24.6%  of  the 
exposed  sediments  in  the  pond  system  are  within  the 
respirable  range  (less  than  10  jum  in  size)  . For  each  of  the 
above  intake  estimates  only  24.6%  of  what  is  inhaled  is  able 
to  reach  the  lungs  for  absorption.  It  is  assumed  that  the 
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APPENDIX  A TABLE  4-5 

CURRENT  RESIDENTIAL  SCENARIO  ESTIMATED  MEDIA  INTAKE  AND  ASSUMPTIONS 
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remainder  (approximately  75%)  is  exhaled  from  the 
respiratory  tract  and  subsequently  swallowed.  The  percent 
of  each  compound  that  is  absorbed  by  the  lungs  depends  on 
the  properties  of  the  compound. 

Inhalation  of  household  dust  occurs  for  those  hours  when 
residents  are  indoors.  The  above  estimates  assumes  24  hours 
of  residential  inhalation,  which  will  include  the  intake 
obtained  while  indoors.  The  24  hour  outdoor  estimate  will 
overestimate  the  compound  intake  (as  indoor  dust  is  assumed 
to  be  80%  of  outdoor  dust) , but  a conservative  approach  is 
acceptable  for  human  health  protection. 

Incidental  ingestion  of  settled  household  dust  is  highly 
variable.  Some  of  the  variables  that  influence  the 
consumption  of  household  dust  include:  the  age  of  those  in 
the  home  (young  children  consume  more  non-edible  material 
than  adults) , the  type  of  activities  performed  in  the  home 
(vacuuming  and  dusting  can  bring  persons  into  contact  with 
dusts) , the  hours  spent  in  the  home,  the  length  of  time  dust 
is  present  in  the  home  (cleaning  habits) , the  actual 
quantity  of  dust  that  enters  the  home,  etc.  Some 
investigators  have  found  that  the  concentration  of 
contaminants  in  indoor  dust  equal  to  the  concentration  of 
contaminants  in  outdoor  soils  (Hawley,  1985) . This  pathway 
will  add  to  the  total  intake  of  contaminants,  however,  the 
magnitude  has  not  been  quantified  in  this  assessment. 

Potential  Future  Onsite  Residential 


If  a development  were  to  be  built  on  the  ponds  and  shallow 
aquifer  groundwater  used  as  a drinking  water  source, 
potential  exposures  to  contaminants  in  a variety  of  media 
could  occur.  It  must  be  stressed  that  residential 
development  in  this  area  is  highly  unlikely  for  numerous 
reasons,  but  the  primary  reason  is  that  building  in  a 
floodplain  is  hazardous. 

Groundwater.  The  calculation  of  daily  intake  of  drinking 
water  for  each  age  group  is  shown  on  Table  4-6.  Children 
ages  1 to  4 years  have  an  estimated  ingestion  rate  of  1 
1/day,  older  children  ages  5 to  11  have  the  same  estimated 
ingestion  rate  of  1 1/day,  while  adolescents  and  adults  have 
an  estimated  ingestion  rate  of  2 1/day  (Clement,  1988) . 
Again,  a range  of  ingestion  rates  were  not  generated  for 
this  pathway  because  the  adult  drinking  water  ingestion  of 
rate  of  2 1/day  is  a well  accepted  value. 

The  lifetime  daily  drinking  water  intake  takes  into  account 
body  weight  by  age  group  and  the  number  of  years  spent  in 
each  group  to  obtain  a valued  averaged  over  a 70  year 
lifetime.  The  intake  of  groundwater,  averaged  over  a 
lifetime  is  0.03  1/kg  body  weight/day.  This  scenario 
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POTENTIAL  FUTURE  RESIDENTIAL  SCENARIO  ESTIMATED  MEDIA  INTAKE  AND  ASSUMPTIONS 
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Adult  (19+  yr)  2 l/day  0.029  l/kg/day  x 52  yr 

= 0.029  l/kg/day  = 0.03  l/kg/day 

70  kg  body  weight  70  yr/lifetime 


MOST  PROBABLE  DAILY  INTAKE  MOST  PROBABLE  LIFETIME  INTAKE 
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assumes  that  all  drinking  water  is  obtained  from  a 
groundwater  well  in  the  shallow  aquifer. 


) 


Intake  of  contaminants  in  groundwater  could  also  occur 
through  ingestion  of  garden  vegetables  irrigated  with  water 
from  the  shallow  aquifer;  inhalation  of  aerosols  during 
showering  with  contaminated  groundwater;  and  dermal  contact 
with  groundwater  during  household  use.  Although  selected 
metals  (arsenic,  cadmium,  and  zinc,  for  example)  are  readily- 
absorbed  by  plants,  the  levels  necessary  to  be  acutely  toxic 
to  humans  would  first  produce  phytotoxicity  in  plants 
(Clement,  1986) . However,  concentrations  of  metals  present 
in  vegetables  would  contribute  to  the  overall  levels  of 
metals  taken  in  by  residents.  All  above  pathways  could 
increase  the  overall  intake  of  contaminants,  but  since  they 
will  not  be  quantified  in  this  assessment,  the  magnitude  is 
not  known . 

Soils . Soils  in  the  pond  area,  if  used  for  residential 
development,  present  a pathway  for  exposure  primarily  to 
children  through  ingestion.  Children  ingest  soils  by  normal 
mouthing  of  hands  and  objects,  or  by  the  direct  ingestion  of 
dirt  (pica)  (Lagoy,  1987) . The  age  of  the  child  influences 
the  amount  of  soil  ingested.  Several  authors  have  attempted 
to  quantify  the  amount  of  soil  ingested  by  children  and 
several  papers  have  summarized  these  reviews  (Clement,  1988, 
LaGoy,  1987) . The  range  of  intake  rates  used  in  this 
assessment  (see  Table  4-6)  reflect  the  range  presented  in 
Clement  (1988)  for  both  children  and  adults.  EPA  (1989) 
proposed  guidance  on  recommended  soil  ingestion  rates  of  200 
mg/day  for  children  1 to  6 years  and  100  mg/day  for  adults. 
The  ingestion  rates  used  in  this  assessment  for  the  four  age 
groups  include  the  EPA  recommended  rates  within  the  range 
between  most  probable  and  maximum  plausible  intakes. 

Table  4-6  presents  the  intake  rates  and  assumptions  used  to 
estimate  the  daily  intake  and  lifetime  daily  intake  of  soils 
on  a per  kg  body  weight  basis.  The  range  of  soil  ingestion 
rates  used  for  young  children  ages  1 to  4 years  was  100 
mg/day  to  590  mg/day;  older  children  ages  5 to  11  years  used 
50  to  330  mg/day;  adolescents  12  to  18  years  used  50  to  140 
mg/day  and  adults  used  50  to  100  mg/day.  Ingestion  rates 
for  children  exhibiting  pica  behavior  were  not  included  in 
the  estimates  of  average  daily  ingestion  over  a lifetime,  as 
this  behavior  is  not  considered  common. 

This  assessment  assumes  soil  ingestion  is  eliminated  in  the 
winter  (November  through  March)  due  to  snowfall  and  frozen 
ground,  reducing  the  number  of  days  from  365  to  215  (150 
days  of  snow  cover) . Although  46%  of  the  total 
precipitation  occurs  in  May,  June,  and  July,  potential  soil 
ingestion  could  occur  even  during  precipitation  events.  The 
most  probable  lifetime  daily  ingestion  rate  for  a person 
residing  on  the  ponds  for  70  years  is  0.7  mg/kg  body 
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weight/day  and  the  maximum  plausible  lifetime  daily 
ingestion  rate  is  calculated  as  2.86  mg/kg  body  weight/day. 
Both  rates  take  into  account  the  intake  rate  for  each  age 
group,  the  body  weight  of  the  age  group  and  the  number  of 
years  spent  in  each  age  group. 

Dermal  contact  with  contaminants  in  soils  is  believed  to  be 
insignificant  relative  to  other  routes  of  exposure  and  is 
not  evaluated  for  this  scenario  (Clement,  1986) . 

Air.  Intake  of  contaminants  present  in  air  through 
inhalation  is  not  anticipated  to  change  from  current 
residential  exposures.  A 24-hour  inhalation  rate  is  used  as 
a conservative  measure  to  account  for  the  inhalation  of  both 
outdoor  dust  and  indoor  household  dust. 

Potential  Future  Downstream  Residential 


Further  development  downstream  of  the  ponds  within  the 
floodplain  of  the  Clark  Fork  River  could  potentially  occur. 
It  is  unlikely  in  that  this  area  is  experiencing  a 
population  decline.  Potential  future  residential 
developments  downstream  of  the  ponds  would  have  intakes 
equivalent  to  those  on  the  ponds. 

EXPOSURE  POINT  CONCENTRATIONS 

Actual  measured  concentrations  of  contaminants  in  media  at 
the  site  are  used  to  determine  the  exposure  point 
concentrations,  whenever  possible.  Generally,  exposure 
point  concentrations  will  be  based  on  calculated  average 
values  and  maximum  detected  values  as  presented  in  Section  3 
of  this  assessment.  Exposure  point  concentrations  are 
identified  by  scenario  and  media  through  route  of  intake. 

Current  Recreational 


Surface  Water.  Concentrations  of  contaminants  in  surface 
water  during  the  1984-1985  sampling  period  for  the  Wildlife 
Ponds  and  Pond  2 are  used  as  the  point  of  exposure  to 
recreationists.  These  data  are  used  because  they  are 
representative  of  a variety  of  conditions  at  the  ponds. 

These  data  are  presented  in  Tables  3-8  and  3-9.  The 
Wildlife  Ponds  and  Pond  2 were  chosen  as  exposure  point 
locations  as  fishermen  use  both  ponds  and  hunters  primarily 
use  Pond  2.  Because  it  is  not  known  if  fishermen  or  hunters 
are  at  any  one  location  for  the  entire  time  spent  at  the 
ponds,  the  time  spent  at  any  one  of  the  two  locations 
described  above  will  be  one-half  of  the  total  time  spent  on 
the  ponds.  Therefore,  the  intake  from  each  location  will  be 
one-half  of  the  total  surface  water  intake. 

For  exposure  through  incidental  ingestion,  total  inorganic 
constituent  concentrations  will  be  used  as  these  values 
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represent  all  inorganic  constituents  in  water  that  could  be 
taken  into  the  body  through  the  gastrointestinal  tract. 
Exposure  through  dermal  absorption  will  use  only  the 
dissolved  concentrations  as  these  values  represent  that 
fraction  of  contaminants  that  could  most  readily  permeate 
the  skin. 

Sediments . Exposures  to  sediments  through  incidental 
ingestion  will  utilize  data  from  the  Wildlife  Ponds  and  Pond 
2 for  pond  bottom  exposures  and  the  exposed  sediments  of 
Pond  2 for  ingestion  of  dried  sediments.  These  data  are 
presented  in  Tables  3-16  and  3-17.  It  is  assumed  that  half 
of  the  intake  of  sediments  are  from  pond  bottom  sediments 
and  half  from  exposed  sediments.  As  a further  breakdown  of 
pond  bottom  sediments,  it  is  assumed  that  equal  time  is 
spent  between  the  Wildlife  Ponds  and  Pond  2.  Therefore,  the 
intake  of  pond  bottom  sediments  from  each  location  will  be 
one-fourth  of  the  total  sediment  intake. 

Air.  Inhalation  of  air-borne  contaminants  from  wind 
entrainment  of  dried  sediments  requires  data  on  the 
concentration  of  contaminants  in  air.  Since  measured 
concentrations  of  contaminants  in  the  air  are  not  available 
for  the  site,  particulate  dust  emissions  and  resulting 
contaminant  concentrations  were  estimated  using  the 
Industrial  Source  Complex  (ISC)  model  (U.S.  EPA,  1988c).  To 
use  this  model,  emissions  were  estimated  using  the  wind 
blown  dust  equations  from  U.S.  EPA  (1985d).  The  basic 
equation  is: 

E = 1.9  (S/1.5)  X ( 365-P/235)  x (f/15) 

Where : 

E = Total  suspended  particulate  emission  factor 

(kg/day/hectare) 

S = Silt  content  of  material  (%)  < 75/m  in 

diameter 

P = Number  of  days/year  with  > 0.01  inches  of 

precipitation  (estimate  of  120  days) 

f = Percentage  of  time  that  the  unobstructed  wind 

speed  exceeds  12  mph  (30%) 

Silt  content  (particles  less  than  75  jum  in  diameter  that  are 
wind-entrainable)  was  determined  from  soil  samples  taken  at 
the  ponds.  The  average  percentage  of  particulates  less  than 
75  fim  below  Pond  1 was  54%;  87%  at  Pond  1;  83%  at  Pond  2; 

78%  above  Pond  3;  and  50%  in  the  Mill-Willow  Bypass. 
Precipitation  days  were  estimated  at  120  days  (EPA,  1977). 
Approximately  30  percent  of  the  year  wind  speeds  are  greater 
than  12  mph.  This  value  was  obtained  from  wind  data 
collected  in  1984  at  the  Opportunity  Ponds,  approximately  1 
mile  west  of  the  pond  system.  Based  on  these  data  and 
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assumptions,  particulate  emission  rates  (ER)  were  estimated 
for  each  source  location  as  shown  below  on  Table  4-7. 


1 


TABLE  4-7 

SOURCE  EMISSION  RATES 


Source 

Part. 
<75  /zm 

(%) 

Other 

Reduction 

(%) 

Source 

Area 

(m2) 

ER 

(g/m2  sec) 

Below  Pond  1 

54 

0.35 1 

68,800 

5.42E-06 

Pond  1 

87 

238,000 

2.69E-05 

Pond  2 

83 

0.52 

627,300 

1.29E-05 

Above  Pond  3 

78 

0.52 

89,000 

1.20E-05 

Mill-Willow  Bypass 

50 

85,000 

1.55E-05 

1 Due  to  crusting  over  of  the  surface  soil. 

2 Half  of  the  surface  area  remains  saturated  from  groundwater. 


Source  areas  were  the  exposed,  unvegetated  sediments  in  the 
Pond  system  and  the  unvegetated  channel  and  floodplain  of 
the  Mill-Willow  Bypass.  Source  areas  are  shown  in  Figure  4- 
1.  Exposed  sediments  in  the  ponds  total  250  acres  and 
unvegetated  areas  along  the  bypass  total  approximately  20 
acres . 

The  numerical  model  used  was  the  EPA  approved  ISC  model 
(U.S.  EPA,  1988c).  For  it,  all  sources  were  modeled  as  area 
sources  and  were  positioned  in  relation  to  each  other  as 
shown  in  Figure  4-1.  In  addition,  it  was  run  at  every  wind 
direction,  and  the  reported  1-hour  maximum  particulate 
concentrations  are  those  that  could  (not  would)  occur  at  the 
specific  receptor  location.  Features  used  in  the  model 
included,  EPA  default  options,  a cartesian  coordinate  system 
of  receptors,  and  EPA  screening  meteorology  (U.S.  EPA, 

1977) . Screening  techniques  were  employed  because  the 
required  site  specific  meteorological  data  were  not 
available. 

The  receptors  used  in  the  analyses  included  a cartesian 
coordinate  grid  that  was  used  to  determine  positions  of 
maximum  impact.  Twelve  receptors  were  used  to  represent 
areas  of  local  residences.  Once  a particulate  concentrations 
was  estimated  for  a receptor,  inorganic  metal  content 
estimates  were  made  for  the  particulate  concentration.  This 
is  simplified  by  assuming  that  the  concentration  of 
inorganics  in  the  sediment  does  not  vary  with  grain  size  and 
does  not  change  after  the  sediment  is  swept  up  into  the  air 
and  diffused  downwind.  Sediment  concentrations  used  in  dust 
estimates  are  those  found  in  Tables  3-17,  3-18,  and  3-19. 
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Table  4-8  presents  the  1-hour  maximum  dust  concentration 
resulting  from  the  model  at  the  areas  of  local  residences. 
Because  of  the  lack  of  actual  hourly  meteorological  data  for 
the  site,  no  specific  information  can  be  determined  about 
the  length  of  time  a concentrations  will  remain  at  any 
receptor  or  if  that  concentration  will  actually  occur. 
Settling  of  dust,  both  during  transport  to  the  receptor  and 
at  the  receptor  is  not  considered  in  the  modeled  estimates. 
General  screening  techniques  can  be  used  to  deduce  estimates 
of  longer-term  concentrations  from  the  maximum  1-hour 
concentrations  (U.S.  EPA,  1977).  These  are  simple  formulas 
that  should  be  used  with  caution  as  they  are  only 
preliminary  screening  tools.  Formulas  are: 


4 hour  concentration  = 
8-hour  concentration  = 
2 4 -hour  concentration  = 
annual  concentration  = 


0.8  x 1-hour  concentration 
0.7  x 1-hour  concentration 
0.4  x 1-hour  concentration 
0.1  x 1-hour  concentration 


These  formulas  are  used  to  determine  potential  exposure 
point  concentrations  at  receptor  locations  depending  upon 
the  scenario  under  evaluation.  The  recreational  scenario 
uses  a 24-hour  continuous  concentration  of  constituents  in 
dust  for  the  lifetime  exposure.  This  is  a very  conservative 
estimation  of  potential  dust  concentrations.  All  other 
scenarios  use  annual  concentrations  for  lifetime  exposures. 
The  24-hour  estimated  concentration  for  compounds  is  used  in 
all  scenarios  to  determine  the  risk  for  compounds  which 
exhibit  noncarcinogenic  effects.  Use  of  the  24-hour 
concentration  provides  a maximum  intake  which  is  a 
conservative  estimate.  Reduced  estimates  are  presented  on 
Table  4-9. 


Fish.  Fish  tissue  concentrations,  as  presented  in  Table  3- 
19,  are  used  to  estimate  intake  through  consumption  of  fish 
from  the  ponds. 

Waterfowl . Average  and  maximum  reported  concentrations  in 
adult  waterfowl  breast  tissue  are  used  to  estimate  intake 
through  ingestion  of  waterfowl.  These  values  are  presented 
in  Table  3-20.  Adult  concentrations  are  used  as  opposed  to 
adult  and  juvenile  concentrations,  as  adult  birds  are  those 
actually  taken  from  the  ponds  by  hunters. 

Current  Occupational  Scenario 

Surface  Water.  Surface  water  exposures  will  utilize  data 
from  the  locations  at  which  exposure  is  most  likely  to 
occur;  inflows  to  the  ponds,  Opportunity  Ponds  discharge  to 
Pond  3,  flow  in  the  Wildlife  Ponds,  and  outflow  from  the 
ponds.  These  data  are  presented  in  Tables  3-6,  3-14,  3-8, 
and  3-10,  respectively.  These  sampling  locations  or  groups 
of  locations  were  selected  because  the  primary  occupational 
exposure  occurs  through  activities  related  to  maintenance  of 
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APPENDIX  A TABLE  4-8 

1 -HR  MOOELED  DUST  CONCENTRATIONS  AT  VARIOUS  RECEPTOR  LOCATIONS  (ug/m3).  (1) 
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(4).  Average  particulate  concentration  at  two  receptor  locations. 

(10).  Source:  Clement,  1986.  Average  of  58  24-hour  samples  taken  during  Jan-March  and  July-September,  1983. 

Peak  concentrations  may  have  been  missed,  samples  ran  every  third  day. 

NOTE:  See  text  for  modeling  assumptions. 


APPENDIX  A TABLE  4-9 

ESTIMATED  INHALABLE  DUST  CONCENTRATIONS  AT  VARIOUS  RECEPTOR  LOCATIONS  (ug/m3).  (1) 
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the  pond  system,  and  these  locations  were  believed  to 
receive  the  most  attention  during  maintenance.  As  with  the 
recreational  scenario,  ingestion  will  use  total 
concentrations  of  inorganics  and  dermal  absorption  will  use 
dissolved  concentrations  of  inorganic  constituents. 

As  the  MDFWP  employee  is  not  at  any  one  location  for  the 
entire  time  spent  at  the  ponds,  the  time  spent  at  any  one  of 
the  four  locations  described  above  will  be  one-fourth  of  the 
total  time  spent  on  the  ponds.  Therefore,  the  intake  from 
each  location  will  be  \ of  the  total  surface  water  intake 
and  will  be  summed  to  obtain  the  total  intake. 

Sediment . Exposed  sediment  data  are  not  available  at  all 
locations  a MDFWP  employee  would  visit  during  the  day. 
Therefore,  exposure  point  concentrations  from  incidental 
ingestion  of  exposed  sediment  will  use  the  data  for  exposed 
sediment  of  Pond  2 as  presented  in  Table  3-17.  Intake 
estimates  will  assume  the  total  intake  of  sediments  is  from 
this  area. 

Air.  Inhalation  exposures  will  be  evaluated  using  an  annual 
value  of  the  modeled  contaminant  concentrations  in  dust  for 
carcinogenic  compounds  and  a 2 4 -hour  value  for  compounds 
with  noncarcinogenic  effects.  The  24-hour  concentrations 
may  over-estimate  the  actual  amount  of  dust  on  any  one  day 
but  it  is  unlikely  to  under-estimate  the  dust  concentration. 
All  source  areas  within  the  pond  system  contribute  to  this 
receptor  location.  The  location  of  the  occupational 
receptor  is  shown  on  Figure  4-1.  The  data  are  presented  in 
Table  4-9. 

Current  Residential  Scenario 


Inhalation  of  wind-entrained  sediments  at  downwind 
residences  will  use  the  contaminant  concentrations  obtained 
through  air  modeling,  as  previously  described.  The  receptor 
locations  for  residences  are  shown  on  Figure  4-1.  These 
locations  include  Warm  Springs  and  the  areas  north  and  east 
of  the  ponds.  All  source  areas  within  the  pond  system  are 
assumed  to  contribute  to  downwind  dust.  Data  for  the 
residential  locations  are  also  presented  on  Table  4-9.  For 
this  assessment,  it  is  assumed  that  contaminant 
concentrations  both  at  the  source  and  in  the  downwind  dust 
remain  constant  over  the  exposure  period.  This  is  a very 
conservative  estimation  of  potential  dust  concentrations. 

Potential  Future  Onsite  Residential 


Groundwater.  Exposure  point  concentrations  for  groundwater 
intakes  will  use  data  from  the  shallow  aquifer  within  Pond 
1.  It  is  assumed  for  this  assessment  that  contaminant 
concentrations  remain  constant  for  the  entire  length  of 
exposure.  This  is  not  an  unreasonable  assumption  as  the 
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ponds  continue  to  contribute  contaminants  to  the  groundwater 
and  the  concentration  of  inorganic  compounds  has  remained 
fairly  constant  over  time.  Table  3-4  present  the  data  that 
will  be  used  as  the  exposure  point  for  ingestion  of 
groundwater  in  this  scenario. 

Sediments . Data  from  exposed  sediments  of  Pond  1 will  be 
used  as  soil  exposure  point  concentrations.  These  data  are 
presented  on  Table  3-17. 

Air.  Potential  future  residents  could  inhale  dust  that 
originates  from  the  exposed  surfaces  at  Pond  1 or  dust  that 
blows  to  the  residence  from  other  exposed  areas  within  in  the 
pond  system.  The  concentrations  of  constituents  that  could 
be  present  in  dust  at  Pond  1 residences  are  presented  in 
Table  4-9.  The  data  were  obtained  from  the  air  model,  as 
previously  described. 

Potential  Future  Downstream  Residential 


Exposure  point  concentrations  have  not  been  estimated  for 
this  scenario.  It  is  not  possible  to  determine  the  volume 
of  sediments  that  would  move  downstream  during  a 
catastrophic  event  nor  the  distance  the  contamination  could 
spread.  Both  would  depend  upon  the  type  and  magnitude  of 
catastrophic  event  (flooding  vs.  earthquake) . During  an 
earthquake,  it  has  been  speculated  that  some  sediments  in 
the  pond  system  (primarily  Pond  3)  could  spontaneously 
liquify  which  would  increase  the  distance  contamination 
could  spread.  Seismicially  induced  failures  of  tailings 
ponds  at  other  sites  has  resulted  in  liquif ication  of 
tailings  and  flows  as  far  as  20  miles  downstream.  In 
addition,  once  contaminants  reach  a downstream  location,  the 
resulting  composition  of  contaminants  could  be  vastly 
different  from  that  of  the  bottom  sediments  due  to  changes 
in  the  chemical  state  of  the  compounds.  Therefore,  it  is 
not  possible  to  determine  the  concentration  at  potential 
exposure  points  downstream. 

ENVIRONMENTAL  ASSESSMENT 


As  in  the  human  assessment,  the  environmental  assessment  is 
based  on  information  presented  in  the  preceding  sections. 

It  will: 

a Discuss  potential  exposure  pathways  for  environmental 
receptors  to  site  contaminants. 
m Identify  environmental  receptors,  both  those  currently 
exposed  and  those  potentially  exposed  in  the  future. 

* Identify  exposure  point  concentrations. 

Intake  of  media  by  environmental  receptors  will  not  be 
estimated  due  to  a lack  of  values  in  the  literature.  The 
environmental  assessment  will  be  a qualitative  estimation  of 
the  impacts  of  site  contaminants  on  the  environment. 
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POTENTIAL  EXPOSURE  PATHWAYS  AND  RECEPTORS 


Environmental  exposure  pathways  are  best  defined  in  terms  of 
the  receptors.  Media  in  which  exposures  could  occur  and 
routes  that  result  in  the  intake  of  contaminated  media  will 
vary  between  species  according  to  dietary  demands,  habitat, 
foraging  behavior,  and  other  species'  characteristics  and 
within  species  according  to  life-stage  or  sex.  For  example, 
diving  ducks  (redheads,  etc.)  feed  primarily  on  small 
aquatic  animals  and  plants  while  puddle  ducks  (mallards, 
etc.)  are  primarily  plant  eaters.  In  addition,  adult  female 
mallards  feed  primarily  on  vegetation,  but  during  egg-laying 
and  nesting  the  diet  changes  primarily  to  insects. 

Exposure  pathways  will  be  discussed  by  media.  Site  specific 
receptors  will  be  summarized.  Potential  pathways  and 
receptors  are  summarized  on  Table  4-10. 

Pathways  of  Exposure 

Groundwater.  Direct  exposures  to  contaminants  in  the 
shallow  aquifer  are  not  likely  to  occur  to  fish,  wildlife, 
or  invertebrate  species.  Phreatophytic  vegetation,  that 
which  is  rooted  in  the  water  table  (shallow  aquifer) , could 
contact  and  take  up  contaminants  present  in  groundwater. 
Cottonwoods  are  phreatophytes  that  are  documented  to  occur 
in  the  southern  and  eastern  areas  of  the  pond  system, 
upgradient  of  the  plume  of  contaminated  groundwater 
emanating  from  the  ponds.  In  areas  where  the  shallow 
groundwater  discharges  or  comes  close  to  the  surface,  for 
example,  below  the  Pond  1 berm,  species  such  as  cat-tail  or 
other  marsh  and  wetland  vegetation  could  take  up 
contaminants  present  in  the  shallow  aquifer.  The  literature 
reports  that  metals  are  taken  up  by  cat-tails  and  other 
marsh  plant  species  (Lee,  et  al.,  1976).  These  contaminants 
could  then  bioaccumulate  through  the  food  chain.  For 
example,  muskrats  use  cat-tails  as  a primary  food  source  and 
could  accumulate  contaminants  in  the  cat-tails.  In 
addition,  when  the  plants  that  have  taken  up  inorganic 
contaminants  die  and  decompose,  the  resulting  leaf  litter 
remains  high  in  concentrations  of  inorganic  contaminants. 
This  decomposing  material  can  provide  detritus  for 
consumption  by  benthic  invertebrates.  In  turn,  benthic 
organisms  are  consumed  by  fish  and  birds,  further 
bioaccumulating  contaminants. 

Groundwater  discharge  to  the  Clark  Fork  River  below  the  pond 
system,  will  be  discussed  under  Surface  Water. 

Surface  Water.  Pathways  of  exposure  and  potential  receptors 
to  contaminants  present  in  surface  water  of  the  ponds 
include: 
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APPENDIX  A TABLE  4-10 

Generalized  Environmental  Exposure  Pathways  and  Receptors 
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Detritus 


Direct  uptake  by  algae  through  passive  adsorption  to 
the  cell  wall  or  active  uptake  through  metabolic 
processes . 

Uptake  by  benthic  invertebrates. 

Uptake  by  rooted  aquatic  plants  through  leaf  tissue. 
Uptake  of  dissolved  contaminants  through  the  gills  of 
fish  from  direct  contact  with  surface  water. 
Subsequent  intake  of  fish  by  organisms  higher  on  the 
food  chain. 

Contact  and  adherence  of  contaminated  particulate 
material  in  the  water  column  to  the  gills  of  fish. 
Ingestion  of  surface  water  by  terrestrial  wildlife. 
Direct  contact  by  birds  that  swim  or  wade  in  surface 
water,  such  as  ducks  or  herons. 


Pathways  of  exposure  to  contaminants  in  surface  water  of  the 
Mill-Willow  Bypass  are  similar  to  those  described  above. 

Fish  downstream  in  the  Clark  Fork  River  could  be  exposed  to 
contaminants  originating  in  the  bypass  surface  water, 
especially  those  contaminants  solubilized  by  intense 
precipitation  events  of  seasonally  high  flows.  Fish  kills 
in  the  Clark  Fork  have  been  attributed  to  resolubilized 
metallic  salts  and  particulate  matter  high  in  metal 
concentrations  originating  in  the  bypass  (Phillips,  1984; 
Gallager,  1989) . 

As  with  groundwater,  the  food  chain  is  a mechanism  for 
accumulating  contaminants  that  originated  in  surface  water. 
Ingestion  or  plants  or  animals  that  have  taken  in 
contaminants  originating  in  water  results  in 
bioaccumulation.  Algae  take  up  inorganic  constituents,  or 
contaminants  adhere  to  their  cell  wall.  Benthic  organisms 
consume  algae  as  well  as  taking  in  contaminants  from  the 
water  that  surrounds  them.  Fish  consume  both  benthos  and 
algae,  the  proportion  of  which  varies  by  fish  species. 

Birds  and  terrestrial  animals  consume  benthos,  fish  and 
plants  that  have  taken  up  and  stored  inorganic  constituents. 
Decaying  plants  that  have  accumulated  contaminants  result  in 
the  formation  of  detritus,  which  becomes  available  to 
benthic  organisms  and  other  filter  feeders. 

Sediments . Contaminants  present  in  pond  bottom  sediments 
could  be  contacted  by  receptors  through  the  following 

aquatic  and  riparian  plants  can  take  up 
contaminants  from  sediments  through  their  roots. 

Benthic  invertebrates  can  acquire  contaminants  from  the 
sediments  in  which  they  live. 

Inadvertent  ingestion  of  sediments  by  fish  and 
waterfowl  while  foraging. 

Direct  contact  by  wading  bird  species  during  foraging. 
Inadvertent  ingestion  by  other  foraging  birds  (osprey, 
eagles)  and  terrestrial  animal  species. 

Direct  contact  with  animals  that  inhabit  sediments. 


pathways ; 

" Rooted 
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Exposed  sediments  can  present  a pathway  of  exposure  to 
terrestrial  animals  that  burrow  (such  as  ground  squirrels, 
field  mice,  coyote,  badger,  etc.)  through  inadvertent 
ingestion  of  sediments,  inhalation  of  sediments,  and  direct 
contact  with  the  sediments.  Exposed  sediments  also  provide 
substrata  for  production  of  grain  fed  on  by  waterfowl  and 
other  birds.  Plant  species  that  can  survive  on  soils  high 
in  inorganic  constituent  concentrations  usually  are  able  to 
take  up  high  concentrations  without  exhibiting  phytotoxic 
.effects.  Once  again,  bioaccumulation  through  the  food  chain 
can  occur  after  plants  or  animals  have  accumulated 
contaminants  from  the  exposed  sediments.  These  lower-level 
food  chain  organisms  are  consumed  by  species  higher  on  the 
food  chain,  which  can  result  in  accumulation  through  the 
trophic  levels.  Inhalation  of  wind-blown  sediments  could 
also  present  a pathway  for  exposure  to  contaminants 
originating  in  the  sediments. 

Potential  future  exposure  pathways  are  unlikely  to  be 
different  from  those  described  above.  Even  in  the  event  of  a 
catastrophic  occurrence,  such  as  a breach  of  the  berms  or 
dams,  a large  release  of  sediments  and  surface  water 
downstream  would  result  in  similar  types  of  exposures  to  a 
greater  number  of  receptors. 

Receptors 

Potential  environmental  receptors  to  contaminants  found  at 
the  site  are  those  species  that  live  at  the  ponds  and  those 
species  that  utilize  the  area  for  habitat,  food,  or  a 
discrete  portion  of  their  life-cycle.  These  species  are 
discussed  and  listed  in  Section  2 of  this  assessment. 

Potential  future  receptors  could  include  fish  that  reside  in 
the  upper  Clark  Fork  River,  (or  portions  of  the  lower  Clark 
Fork  River,  depending  upon  the  magnitude  of  contaminant 
release  from  the  pond  system) , and  birds,  mammals  and 
vegetation  that  use  or  inhabit  the  Clark  Fork  River  and 
adjacent  floodplain. 

EXPOSURE  POINT  CONCENTRATIONS 


Exposure  point  concentrations  consist  of  data  from  sampling 
events  at  the  site.  Shallow  groundwater  data  throughout  the 
pond  system  are  used  as  exposure  point  concentrations  for 
riparian  vegetation.  These  data  are  presented  in  Table  3-3, 
3-4,  and  3-5.  Surface  water  data,  at  individual  sampling 
locations  and  groups  of  sampling  locations  throughout  the  pond 
system  and  in  the  bypass  are  used  to  evaluate  the  exposures 
for  fish  and  aquatic  life.  These  data  are  presented  in  Tables 
3-6  through  3-10,  3-12  and  3-13. 
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Section  5 

COMPARISON  TO  APPLICABLE,  RELEVANT  OR  APPROPRIATE 

REQUIREMENTS 


INTRODUCTION 

According  to  U.S.  EPA  guidelines  (U.S.  EPA,  1986c),  estimated 
exposure  point  concentrations  should  be  compared  to 
"applicable  or  relevant  and  appropriate  requirements"  (ARARs) 
classified  as  ambient  or  chemical  specific  requirements  that 
are  health  or  risk  based  (as  defined  by  U.S.  EPA,  1987b). 
Other  criteria,  advisories  and  guidances  may  also  be  used  in 
comparison  to  exposure  point  concentrations,  if  they  are 
derived  for  the  protection  of  human  health  or  the 
environment.  See  Chapter  3 in  the  main  body  of  this  FS  for 
further  definition  and  discussion  of  ARARs. 

STANDARDS  AVAILABLE 


ARARS 


Table  5-1  presents  the  chemical-specific  requirements  that 
are  considered  potential  ARARs  for  this  site.  At  the 
present  time,  only  Federal  standards  and  criteria  developed 
under  the  Resource  Conservation  and  Recovery  Act  (RCRA) , the 
Safe  Drinking  Water  Act  (SDWA) , the  Clean  Water  Act  (CWA) , 
the  Clean  Air  Act  (CAA)  and  Montana  State  standards  and 
requirements  are  considered  to  be  ARARs. 

Resource  Conservation  and  Recovery  Act  (RCRA)  Standards 

Standard  for  compounds  have  been  adopted  as  part  of  the  RCRA 
ground-water  protection  program.  These  standards,  termed 
Maximum  Concentration  Limits  (MCLs)  are  based  on  the 
National  Interim  Drinking  Water  Standards. 

Safe  Drinking  Water  Act  (SDWA)  Standards 

Primary  drinking  water  standards  developed  under  the  SDWA 
for  public  water  supplies  (public  water  supply  is  defined  as 
15  or  more  service  connections  and/or  serve  at  least  25 
persons)  are  termed  Maximum  Contaminant  Limits  (MCLs) . An 
MCL  represents  an  enforceable  concentration  in  public 
supplies  of  a contaminant  for  a 70  kg  adult  that  ingests  2 
liter  of  water  per  day  over  a lifetime.  In  addition  to 
health  factors,  an  MCL  is  required  to  reflect  the  technical 
and  economic  feasibility  of  removing  the  contaminant  from 
the  water  supply.  Total  exposure  from  all  sources  is 
considered  when  developing  a specific  contaminant  MCL 
(Amended  SDWA,  1986)  . MCLs  for  metals  are  based  on  total 
contaminant  concentrations  (U.S.  EPA,  1986d) . 
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APPENDIX  A TABLE  5-1 

POTENTIALLY  APPLICABLE  OR  RELEVANT  AND  APPROPRIATE  REQUIREMENTS 
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Source:  U.S.  EPA,  1986c;  U.S.  EPA,  1987e. 
Source:  U.S.  EPA,  1986e. 
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Maximum  Contaminant  Level  Goals  (MCLG)  are  non-enf orceable 
health  goals  for  contaminants  in  drinking  water.  MCLs  are 
based  on  MCLGs,  with  technology  and  cost  as  additional 
considerations  to  reach  an  MCL.  MCLGs  are  set  at  levels 
which  would  result  in  no  known  or  anticipated  adverse  health 
effects  with  an  adequate  margin  of  safety  to  protect 
sensitive  subpopulations. 

Clean  Water  Act  (CWA)  Criteria 

Criteria  were  developed  under  the  Clean  Water  Act  that 
quantitatively  addresses  the  levels  of  pollutants  in  surface 
water  which  will  ensure  water  quality  adequate  to  support  a 
specified  use.  These  criteria  are  based  on  data  and 
scientific  judgments  on  the  relationship  between  pollutant 
concentrations  and  environmental  and/or  human  health  effects 
and  do  not  reflect  considerations  of  technology  or  cost. 
These  criteria  have  been  developed  and  expanded  through 
1987 . 

Criteria  for  protection  of  human  health  is  an  estimate  of 
the  ambient  surface  water  concentration  that  will  not  result 
in  adverse  health  effects  in  humans.  Originally,  two  types 
of  criteria  were  developed;  one  set  of  values  for  exposure 
to  a compound  based  on  consumption  of  water  and  organisms 
living  in  the  water,  and  a second  set  for  exposure  to 
compounds  based  only  on  consumption  of  organisms  living  in 
water.  A third  set  has  been  calculated  for  the  Super fund 
process  based  on  consumption  of  water  only  (U.S.  EPA, 

1986c) . The  criteria  incorporate  the  assumption  of 
ingestion  of  6.5  g of  aquatic  organisms  and  2 1 of  water 
daily  for  a 70-year  lifetime. 

For  compounds  that  have  potential  carcinogenic  effects,  the 
recommended  concentration  in  water  for  maximum  protection  of 
human  health  is  zero.  As  this  is  not  practical,  criteria 
are  set  to  represent  an  incremental  range  (10‘5,  10-6,  or  107) 
of  excess  risk  of  cancer  for  exposure  over  a lifetime  based 
on  the  assumptions  outline  above.  A 10-6  excess  lifetime 
cancer  risk  is  defined  as  one  excess  case  of  cancer  in  one 
million  persons  exposed  over  a lifetime  as  compared  to 
background. 

For  compounds  which  exhibit  noncarcinogenic  effects,  the 
literature  contains  values  for  the  "no  observed  adverse 
effect  level  (NOAEL) " . A safety  factor  (between  10  and 
1000)  is  used  in  conjunction  with  the  NOAEL  (to  account  for 
the  uncertainty  in  data  and  extrapolation  between  animals 
and  humans)  to  determine  an  acceptable  daily  intake.  Water 
criteria  were  then  established,  based  on  the  acceptable 
intake  and  the  assumptions  discussed  above. 
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Discrepancies  may  exist  between  AWQC  for  human  health 
protection  and  other  standards  and  guidelines  (for  example, 
RfD's).  This  is  because  up-to-date  toxicity  data  have  been 
used  to  calculate  other  selected  values  (RfD's,  etc.)  and 
higher  or  lower  values  can  result  from  more  recent 
information. 

Criteria  are  also  set  for  compounds  with  organoleptic 
properties  that  prevent  unacceptable  taste  or  odors. 

Water  quality  criteria  have  also  been  developed  for  the 
protection  of  freshwater  aquatic  life.  Criteria  are  derived 
so  that  aquatic  organisms  and  their  uses  are  not  affected 
unacceptably  if  the  four-day  average  acid-soluble 
concentration  of  a compounds  is  not  exceeded  more  than  once 
every  three  years  and  if  the  one-hour  acid-soluble  average 
concentrations  is  not  exceeded  more  than  once  every  three 
years  (U.S.  EPA,  1987d) . The  three  year  allowable  excursion 
over  the  criteria  is  the  frequency  the  U.S.  EPA  feels  it 
takes  the  average  unstressed  aquatic  ecosystem  to  recover 
from  excessive  concentrations  of  a compound  (U.S.  EPA, 

1985a)  . 

Clean  Air  Act,  National  Ambient  Air  Quality  Standards 

National  ambient  air  quality  standards  are  developed  for  the 
protection  of  air  quality.  Primary  standards  for 
particulates  less  than  or  equal  to  10  /xm  in  diameter  (PMio) 
and  lead  are  applicable  to  this  site.  All  sources  of 
contaminant  exposure  are  considered  in  the  determination  of 
an  NAAQS.  Primary  standards  must  allow  for  an  adequate 
margin  of  safety.  PMio  standards  are  represented  as  either 
a 24-hour  maximum  concentration  of  150  £ig/m3  not  to  be 
exceeded  more  than  once  annually  and  an  expected  annual 
arithmetic  mean  standard  of  50  /xg/m3.  The  lead  standard  of 
1.5  /xg/m3  is  a 3 month  arithmetic  mean. 

OTHER  CRITERIA.  ADVISORIES  AND  GUIDANCES 

Table  5-2  presents  other  criteria,  advisories  and  guidances 
that  are  health  based  with  which  to  compare  to  site  exposure 
point  concentrations.  Information  on  the  origins  of  these 
criteria  are  presented  below. 

Drinking  Water  Health  Advisories 

The  U.S.  EPA  Office  of  Drinking  Water  publishes  health 
advisories  for  concentrations  of  contaminants  in  drinking 
water  at  which  adverse  effects  would  not  be  anticipated  to 
occur.  A margin  of  safety  is  included  to  protect  sensitive 
members  of  the  populations.  The  health  advisories  are 
developed  for  a noncarcinogenic  end  point  of  toxicity  and 
are  specified  for  a 1-day  and  10-day  exposures  for  children 
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APPENDIX  A TABLE  5-2 

HEALTH  BASED  GUIDELINES  AND  OTHER  ADVISORIES 


Safe  Drinking  Water  Act 
Proposed  Values 


EPA  OOU 


Long-term 

Proposed 

Proposed 

Health 

MCL  (1) 

MCLg  (2) 

Advisory  (3) 

PARAMETER 

(ug/l ) 

(ug/l) 

(ug/l) 

Aluminum 

Antimony 

Arsenic 

30 

30 

50 

Barium 

5000 

5000  (5) 

Beryl l ium 
Cadmium 

5 

5 (5) 

18 

Chromium  (total) 
Chromium  (IV) 

100 

100  (5) 

840 

Copper 
I ron 

1300 

Lead 

5 

(4)  0 (4) 

20  ug/day 

Magnesium 

Manganese 

Mercury 

Nickel 

2 

2 (5) 

Seleniun 
Si Iver 
Vanadium 
Zinc 

50 

50  (5) 

(1). 

Source: 

Inside  EPA 

,,  1988 

(2). 

Source: 

U.S.  EPA, 

1985b. 

(3). 

Source: 

U.S.  EPA, 

1986c. 

(4). 

Source: 

U.S.  EPA, 

1988e. 

(5). 

Source: 

U.S.  EPA, 

1 989d . 
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(10  kg  body  weight) ; for  longer-term  ingestion  of  water  (90 
days  to  1 year)  for  both  children  and  adults;  and  for 
lifetime  exposure  periods. 

SDWA  Proposed  Criteria 

Proposed  MCLs  and  Proposed  MCLGs  are  available  for  several 
contaminants.  These  are  not  promulgated  standards  and  are 
only  under  consideration.  The  SDWA  also  provides  secondary 
standards  for  compounds  that  produce  offensive  odor  and 
taste  in  drinking  water.  These  standards  are  not  based  on 
health  effects,  but  are  often  presented  with  primary  MCLs. 
These  can  be  used  for  comparison  purposes  but  have  no 
implications  for  health. 

STANDARDS  AND  CRITERIA  TO  BE  USED 

Standards,  criteria  and  guidelines  to  be  used  in  comparison 
to  concentrations  of  contaminants  in  media  onsite  are 
discussed  by  media. 

GROUNDWATER 


Because  shallow  groundwater  at  the  site  could  be  potentially 
used  as  a drinking  water  source  in  the  future  (although 
unlikely  because  of  the  high  particulate  content,  high  iron 
and  other  compounds  that  affect  the  taste,  color,  and  odor) , 
a comparison  of  exposure  point  concentrations  is  made  to 
MCLs.  Values  reported  for  constituents  in  groundwater  at 
the  site  are  dissolved  concentrations.  The  dissolved 
fraction  is  that  which  users  are  most  likely  to  actually 
drink.  Dissolved  concentrations  of  metals  are  usually  lower 
than  total  concentrations  of  metals.  However,  if  the 
measured  values  exceed  MCLs  then  it  is  anticipated  that  the 
total  values  would  too.  If  a contaminant  does  not  have  an 
MCL,  the  MCLGs  were  used  for  comparison,  and  if  an  MCLG  does 
not  exist,  AWQC  for  the  protection  of  human  health  (without 
the  fish  component)  were  used. 

SURFACE  WATER 


AWQC  for  the  protection  of  human  health  from  consumption  of 
aquatic  organisms  and  EPA  health  advisories  for  long-term 
adult  ingestion  were  used  as  comparisons  against  surface 
water  concentrations  in  Pond  2,  Pond  3 and  the  Wildlife 
Ponds,  as  these  are  the  locations  where  fish  could  be 
poached  and  where  incidental  ingestion  could  occur.  Short- 
term health  advisories  would  be  the  most  reasonable  to  use 
for  incidental  ingestion  comparisons,  but  they  are  only 
available  for  children,  not  adults.  MCLs  and  other  drinking 
water  criteria  based  on  the  consumption  of  2 L per  day  are 
not  appropriate  for  use  in  comparing  against  site  surface 
water  concentrations,  as  surface  water  at  the  site  is  not 
now,  nor  has  it  been  in  the  recent  past,  used  as  a source  of 
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drinking  water.  In  addition,  water  supplies  are  not  taken 
from  the  Clark  Fork  River  downstream  of  the  site. 

Therefore,  surface  water  at  the  site  cannot  be  construed  as 
a drinking  water  source. 

AWQC  for  the  protection  of  freshwater  aquatic  life  is  used 
in  comparison  to  surface  water  data,  for  sampling  stations 
in  the  Mill-Willow  Bypass  and  in  the  pond  system.  Most 
Phase  I RI  data  are  for  total  concentrations  of 
constituents,  while  criteria  are  developed  for  acid-soluble 
concentrations.  This  may  result  in  artificial  exceedances 
of  criteria  by  concentrations  occurring  at  the  site.  Phase 
II  RI  data  were  analyzed  for  acid-soluble  metals.  Phase  II 
RI  data  were  used  for  comparison  to  criteria  for  sampling 
stations  where  data  were  lacking  and  in  which  criteria  were 
exceeded  by  Phase  I RI  data. 

Criteria  for  many  of  the  constituents  are  based  on  water 
hardness.  Adjustment  for  water  hardness  at  the  sampling 
station  or  group  of  stations,  based  on  the  actual  measured 
hardness,  was  been  made  prior  to  comparison  of  the 
constituent  concentrations  with  criteria. 

No  standards  or  criteria  are  available  for  surface  water 
concentrations  required  for  plant  life.  U.S.  Department  of 
Agriculture  have  determined  concentrations  of  constituents  in 
water  that  are  'safe'  for  use  on  crop  plants,  but  not  for 
riparian  or  aquatic  vegetation  (U.S.  EPA,  1976) . 

SEDIMENTS 


No  standards  or  criteria  are  available  for  sediments. 
Sediment  data  from  areas  not  impacted  by  mine  and  mill  waste 
were  presented  in  Section  3 . 

AIR 

NAAQS  for  particulates  (PMio)  are  used  in  comparison  to 
modeled  particulate  concentrations  in  dust  at  the  various 
receptor  locations  (see  Table  4-8  for  1-hr  particulate 
concentrations) . The  modeled  concentrations  are  multiplied 
by  24.6%  to  get  the  fraction  10  jum  in  diameter  or  less  and 
then  altered  to  get  a 24-hour  concentration  and  an  annual 
concentration . 

NAAQS  standards  for  lead  cannot  be  used  in  comparison  to 
modeled  concentrations  of  lead  in  dust.  This  is  because  the 
NAAQS  concentration  is  for  a measured  90-day  average  and  the 
estimates  arrived  at  through  modeling  are  1-hour  maximum 
concentrations.  Screening  techniques  were  then  employed  to 
alter  these  concentrations  to  obtain  a 24-hour  concentration 
or  an  annual  concentration. 
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BIOTA 


The  Food  and  Drug  Administration  (FDA)  does  not  regulate 
concentrations  of  contaminants  in  waterfowl  tissue. 

However,  arsenic  concentrations  constituents  are  regulated 
in  other  animal  tissues,  such  as  swine  and  cattle  (NAS, 

1977)  . These  are  compared  to  levels  found  in  waterfowl 
tissue.  The  Canadian  Food  Directorate  regulates  zinc  and 
copper  in  food  (Multitech,  1986d) . These  concentrations  are 
compared  to  those  found  in  biologic  tissue  at  the  site. 
Background  concentrations  for  both  fish  and  waterfowl  were 
presented  in  Section  3 . 

COMPARISON  RESULTS 


GROUNDWATER 


Concentrations  of  dissolved  constituents  in  all  shallow 
groundwater  wells  are  below  MCLs  except  for  the  maximum 
reported  concentration  of  arsenic  in  wells  below  Pond  1. 

The  average  of  the  wells  below  Pond  1 is  below  the  MCL  of  50 
Mg/1.  No  constituent  exceeds  other  health  based  criteria. 

It  must  be  remembered  that  the  concentrations  of 
constituents  at  the  site  are  dissolved  and  the  standards  and 
criteria  are  based  on  total  concentrations. 

SURFACE  WATER 

Arsenic  is  the  only  compound  for  which  both  a criterion 
exists  for  protection  of  human  health  from  ingestion  of 
aquatic  organisms  and  data  are  available  from  Phase  I on  the 
concentration  in  surface  water  of  the  Ponds.  All  arsenic 
concentrations  (totals)  detected  in  the  Ponds  exceed  the 
criteria.  The  criteria  is  low  (0.0175  Mg/1)  as 
bioconcentration  can  occur  through  the  food  chain  from 
aquatic  organisms. 

Other  compounds  for  which  criteria  are  available,  were  not 
analyzed  in  surface  water  samples  from  the  1984-1985 
sampling  period. 

Comparison  of  criteria  for  protection  of  human  health  from 
ingestion  of  aquatic  organisms  and  Phase  II  RI  surface  water 
data  indicate  that  the  arsenic  criterion  was  exceeded  for 
all  relevant  sampling  stations  and  the  criterion  for 
manganese  was  exceeded  by  values  found  at  the  Wildlife  Ponds 
in  April  1988,  in  Pond  2 during  all  sampling  rounds,  and  in 
Pond  3 during  April  and  July  1988  only. 

Comparisons  of  the  maximum  reported  concentrations  of 
compounds  analyzed  for  in  Phase  I RI  surface  water  samples 
of  Ponds  2,  3,  and  the  Wildlife  Ponds  to  long-term  health 
advisories  indicates  all  values  in  surface  water  are  below 
the  health  advisories.  Comparisons  were  made  for  arsenic, 
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cadmium,  and  lead  only,  as  other  compounds  for  which  health 
advisories  are  available  were  not  analyzed  for  in  surface 
water  samples  taken  during  the  1984-1985  sampling  period. 

Ambient  water  quality  criteria  for  the  protection  of 
freshwater  aquatic  life  were  compared  to  Phase  I RI 
concentrations  of  compounds  detected  in  surface  waters  of 
the  ponds  and  bypass.  Acute  aquatic  criteria  were  compared 
to  the  maximum  reported  concentration  at  a sampling  station 
or  within  a group  of  stations  for  both  the  1984-1985  data 
and  the  1985  low  flow  data  using  measured  water  hardness 
data  to  determine  criteria.  Hardness  was  not  measured 
during  the  1986  high  flow  sampling  event,  therefore  criteria 
were  calculated  using  100  mg/1  CaCC>3.  Chronic  aquatic 
criteria  were  compared  to  the  calculated  average 
concentration  at  a sampling  station  or  within  a group  of 
stations  in  the  same  manner  as  described  above.  Criteria 
were  compared  to  acid  soluble  compound  concentrations 
whenever  these  parameters  were  available,  and  to  total 
compound  concentration  when  acid  soluble  concentrations  were 
not  available. 

Comparisons  using  Phase  I data  are  presented  on  Table  5-3. 
Principally,  copper  exceeds  both  acute  and  chronic  criteria 
for  most  sampling  stations  and  sample  periods.  Zinc  exceeds 
chronic  criteria  at  all  sampling  stations  except  the 
Wildlife  Ponds.  Iron  exceeds  chronic  criteria  in  the  seeps 
below  Pond  1 and  the  Opportunity  Pond  discharge  to  the  pond 
system.  Only  chronic  criteria  are  available  for  iron.  Iron 
is  not  shown  on  Table  5-3. 

Comparisons  using  Phase  II  data  (Table  5-4)  indicate  acute 
and  chronic  copper  criteria  are  exceeded  at  the  inflow  to 
the  ponds  and  sporadically  in  Pond  3.  Acute  and  chronic 
cadmium  criteria  were  exceeded  at  the  inflow  to  the  ponds 
and  in  the  Wildlife  Ponds.  Chronic  lead,  acute  cadmium,  and 
acute  zinc  criteria  (a  never  to  be  exceeded  value)  were 
exceeded  in  the  inflow  to  the  ponds.  Chronic  zinc  criteria 
(actually  a 24-hr  criteria)  were  exceeded  at  virtually  all 
sampling  stations  during  each  sampling  event. 

AIR 


The  1-hr  modeled  particulate  concentrations,  adjusted  for 
particles  10  /xm  in  diameter  or  less,  at  all  receptor 
locations  except  the  Wildlife  Ponds,  were  less  than  the 
annual  average  of  50  /xg/m3.  When  the  modeled  concentration 
for  the  Wildlife  Ponds  were  adjusted  from  a 1-hr  maximum 
value  to  an  annual  value,  they  did  not  exceed  the  annual 
average  PMio  standard. 


I 


5-10 


APPENDIX  A TABLE  5-3 

COMPARISON  OF  PHASE  I RI  SURFACE  WATER  CONCENTRATION  TO  AQUATIC  AWQC  (ug/l) 
(Surface  Water  Concent  rat  ion/ Ambient  Water  Quality  Criteria) 
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BIOTA 


The  FDA  maximum  allowable  level  of  arsenic  in  cattle  is  0.7 
/xg/g  and  in  swine  is  0.5  jxg/g.  The  maximum  concentration  of 
arsenic  in  juvenile  waterfowl  tissue  (0.6  /xg/g)  exceeded  the 
allowable  level  for  swine.  The  maximum  reported  value  for 
adult  waterfowl  tissue  (0.06  /xg/g)  was  well  below  both 
allowable  levels.  A Canadian  Food  Directorate  (1982) 
indicated  100  /xg/g  was  an  acceptable  level  for  copper  and 
zinc  concentrations  in  foods  (Multitech,  1986b  and  1986d) . 
Waterfowl  tissue  and  fish  tissue  are  well  below  that  level 
(maximum  reported  concentrations  of  22.4  /xg/g  and  6.1  /xg/ g, 
respectively) . 
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Section  6 

HUMAN  RISK  CHARACTERIZATION 


INTRODUCTION 


This  section  includes  a toxicity  assessment  to  present 
information  on  potential  health  effects  of  the  constituents 
at  the  site.  It  will  provide  a means  of  quantifying 
toxicity  based  on  established  guidelines  from  the  U.S.  EPA. 
The  process  of  risk  estimation  is  explained.  Risks  are 
estimated,  by  contaminant,  for  each  exposure  pathway  within 
an  exposure  scenario.  In  accordance  with  U.S.  EPA's 
guidelines  for  evaluating  the  potential  toxicity  of  complex 
mixtures,  it  is  assumed  in  this  assessment  that  the  effects 
of  all  contaminants  are  additive  through  a specific  pathway 
within  a scenario  (U.S.  EPA,  1986a).  A total  risk  for  each 
scenario  through  a single  pathway,  regardless  of  media,  will 
be  presented. 


TOXICITY  ASSESSMENT 


QUANTIFYING  TOXICITY 

A number  of  numerical  values  can  be  used  to  describe  a 
compounds  toxicity.  As  a first  step,  the  effects  of  exposure 
to  compounds  are  separated  into  two  categories  based  upon 
whether  their  end  points  of  toxicity  are  carcinogenic  or 
noncarcinogenic . 

Toxicity  Values  for  Compounds  with  Carcinogenic  Effects. 

The  U.S.  EPA  Carcinogen  Assessment  Group  (CAG)  has  developed 
cancer  potency  values  for  compounds  classified  as  known, 
potential  or  possible  human  carcinogens.  CAG  utilizes  a 
weight-of-evidence  classification  system  to  identify 
compounds  as  carcinogens.  Three  major  steps  are  used  in 
characterizing  the  weight-of-evidence  for  carcinogenicity  in 
humans:  (1)  evaluation  of  the  quality  of  data  from  human 

studies  and  from  animal  studies  separately,  (2)  combining 
the  two  types  of  studies  to  obtain  an  overall  human 
carcinogenic  weight-of-evidence,  (3)  assessing  all  other 
types  of  information  to  determine  if  a modification  of  the 
weight-of-evidence  is  necessary.  Five  categories  of 
carcinogens  are  used,  which  are: 

■ Group  A - Human  Carcinogen.  Sufficient  evidence  from 
human  epidemiological  studies  to  support  a causal 
association  between  exposure  and  cancer. 

■ Group  B - Probable  Human  Carcinogen.  This  includes 
compounds  for  which  limited  evidence  of  carcinogenicity 
in  humans  exists  based  on  epidemiologic  studies  (Bi) 
and  those  compounds  for  which  sufficient  evidence  of 


carcinogenicity  in  animals  exists  however,  adequate 
evidence  of  carcinogenicity  in  humans  is  not  available 
_ (B2)  . 

■ Group  C - Possible  Human  Carcinogen.  This  includes 
those  compounds  for  which  there  is  limited  evidence  of 
carcinogenicity  in  animals. 

■ Group  D - Not  Classifiable  as  to  Human  Carcinogenicity. 
This  includes  those  compounds  for  which  there  are 
inadequate  animal  evidence  of  carcinogenicity. 

■ Group  E - Evidence  of  Noncarcinogenicity  in  Humans. 

This  includes  compounds  for  which  there  is  no  evidence 
for  carcinogenicity  in  at  least  two  adequate  animals 
tests  in  different  species  or  in  both  adequate 
epidemiologic  and  animal  studies  (U.S.  EPA,  1985b) . 

Cancer  potency  values  are  developed  for  estimating  the  upper 
bound  excess  lifetime  cancer  risks  associated  with  lifetime 
exposure  to  potential  human  carcinogens  (Group  A,  B,  or  C 
carcinogens  only) . The  cancer  potency  factor  is  expressed 
in  units  of  (mg/kg  body  weight/day) _1.  Most  potency  factors 
are  derived  by  using  the  upper  95  percent  confidence  limit 
on  the  slope  of  the  dose-response  (response  per  unit  intake) 
curve  obtained  from  a linearized  multistage  model  of  animal 
data.  Some  minor  adjustments  are  made  to  account  for 
interspecies  differences  but  in  general,  it  is  believed  that 
there  is  only  a 5 percent  chance  that  the  probability  of  a 
response  could  be  greater  than  the  estimated  value  for  the 
experimental  data  used.  This  is  a conservative  approach  and 
may  overestimate  the  actual  risk  (U.S.  EPA,  1986c) . Other 
potency  factors  are  derived  from  dose-response  data  of  human 
epidemiologic  studies  (such  as  those  for  arsenic  ingestion 
and  inhalation  and  cadmium  inhalation)  fitted  to  dose-time- 
response  curves.  Potency  factors  derived  in  this  manner 
also  use  conservative  assumptions  and  are  unlikely  to 
underestimate  true  risk. 

To  estimate  the  carcinogenic  risk  from  exposure  to  a 
specific  compound,  the  compound  must  have  an  assigned  cancer 
potency  value  specific  to  the  exposure  route.  At  the 
present,  CAG  has  published  potency  values  for  the  inhalation 
and  ingestions  routes  only,  and  not  all  compounds  classified 
as  Group  A,  B,  or  C carcinogens  have  published  potency 
values. 

Toxicity  Values  for  Compounds  with  Noncarcinogenic  Effects 

Toxicity  values  for  compounds  that  exhibit  noncarcinogenic 
effects  are  derived  from  reference  doses  (RfDs)  determined  by 
the  U.S.  EPA  RfD  Work  Group  or  from  Health  Effects  Assessment 
documents  (HEAs)  developed  by  EPA's  Office  of  Research  and 
Development.  Development  of  an  RfD  is  based  on  the 
assumption  that  thresholds  exist  for  noncarcinogenic  effects, 
but  may  not  exist  for  carcinogenic  effects.  The  RfD  is 
considered  to  be  the  level  unlikely  to  cause  significant 
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adverse  health  effects  associated  with  a threshold  mechanism 
of  action  in  humans  exposed  to  a compound  for  a lifetime 
(U.S.  EPA,  1988d) . Reference  dose  values  have  been  verified 
by  peer  review  of  all  available  information  and  are  stored  in 
the  EPAs  Integrated  Risk  Information  System  (IRIS)  data  base. 
The  U.S.  EPA  Office  of  Research  and  Development  updates  the 
information  in  IRIS  as  new  RfD  values  are  verified  (Dourson, 
1987) . The  RfD  is  expressed  in  the  units  of  milligram  of 
compound  per  kilogram  of  body  weight  per  day  and  is  route 
specific  (i.e.,  inhalation,  ingestion,  dermal  contact).  The 
reference  dose  can  be  used  as  a comparison  against  a dose 
obtained  through  exposure;  adverse  health  effects  could 
result  from  exposure  to  a dose  substantially  higher  than  the 
reference  dose. 

Another  toxicity  value  for  noncarcinogenic  compounds  is  the 
acceptable  intake  for  chronic  exposures  (AIC) . The  AIC  is 
the  same  concept  as  a reference  dose,  only  the  verification 
process  has  not  occurred  for  the  value.  The  HEAs  are  the 
primary  source  of  AICs  (U.S.  EPA,  1986c). 

If  both  an  RfD  and  an  AIC  exist  for  a compound,  the  RfD  will 
be  used  in  comparison  to  the  dose  obtained  through  exposure 
as  the  RfD  is  based  on  more  recent  data,  is  peer  reviewed 
and  therefore,  may  be  a better  indicator  of  the  chemicals 
toxicity.  Carcinogenic  and  noncarcinogenic  toxicity  values 
are  presented  in  Table  6-1  for  the  contaminants  detected  in 
media  onsite. 

TOXICITY  PROFILES 


Table  6-2  presents  brief  summaries  of  the  health  effects 
associated  with  acute  and  chronic  exposures  to  the  inorganic 
compounds  detected  at  the  site.  Dermal  exposures  are 
discussed  only  if  data  are  available,  however  intake  through 
dermal  exposures  is  not  believed  to  be  significant  for 
inorganic  ions.  These  profiles  are  compiled  from  various 
sources  and  are  not  meant  to  be  exhaustive  discussions  of  a 
compounds ' toxicity  but  are  useful  to  determine  the 
compounds  target  organ. 

Further  Evaluation  of  Arsenic.  The  association  between 
inhaled  arsenic  and  lung  cancer  is  well  accepted  and 
documented.  The  association  between  ingested  arsenic  and  an 
increased  incidence  of  cancer  (skin,  internal  organs)  is 
widely  debated.  A technical  panel  of  the  EPA's  Risk 
Assessment  Form  addressed  the  issue  of  carcinogenicity  of 
arsenic  through  ingestion  in  a draft  document  prepared  in 
1987  (Levine  et  al.,  1987).  At  issue  were:  the  potential 
nutritional  role  of  arsenic;  the  applicability  of  the  study 
(and  validity  of  data)  used  to  determine  the  carcinogenicity 
of  arsenic  through  ingestion;  and  the  interpretation  and  use 
of  arsenic-associated  skin  lesions.  Conclusions  of  the 
technical  panel  are  summarized  below. 
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APPENDIX  A TABLE  6-1 
PUBLISHED  TOXICITY  VALUES 
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CHEMICAL  ACUTE  TOXICITY  SUMMARY*  CHRONIC  TOXICITY  SUMMARY*  CANCER  POTENTIAL  OTHER 
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Seleniun  Acute  exposures  can  produce  central  Chronic  exposure  to  seleniun-containing  Carcinogenic  in  laboratory  Essential.  Toxicity  related  to 
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The  potential  exists  for  arsenic  to  be  an  essential  element 
in  human  nutrition.  It  has  been  shown  that  arsenic- 
deficient  diets  are  detrimental  to  growth  and  reproduction 
in  chickens  and  goats.  As  is  often  the  case,  the 
essentiality  of  an  element  is  determined  in  animals  and 
usually  follows  in  humans,  however,  no  studies  are  available 
for  humans.  No  information  is  available  to  determine  what 
levels  of  arsenic  are  required  in  human  nutrition  and  if 
current  dietary  levels  are  adequate.  While  it  is  likely 
that  arsenic  is  a nutritional  requirement  in  animals  and  a 
possible  requirement  for  humans,  additional  studies  are 
needed. 

The  applicability  of  the  data  (and  validity  of  the  data) 
used  to  determine  the  carcinogenicity  of  arsenic  has  been 
questioned  by  several  researchers.  Data  from  studies  in 
Taiwan  had  demonstrated  a causal  relationship  between 
ingestion  of  elevated  arsenic  in  groundwater  and  elevated 
risk  of  skin  cancer  (Tseng  et  al.,  1968).  Researchers 
questioned  the  application  of  the  Taiwan  data  to  U.S. 
populations  because  of  conflicting  evidence  of 
carcinogenicity  in  a study  of  a U.S.  population  that  was 
exposed  to  elevated  arsenic  in  drinking  water  (Morton  et 
al.,  1976).  Researchers  had  also  questioned  the  validity  of 
the  data.  The  Technical  Panel  re-evaluated  the  Taiwan  data 
and  based  on  the  population  size,  and  statistically 
significant  increase  in  cancer  incidence  among  the  exposed 
population,  determined  a causal  relationship  did  exist. 

Then,  based  on  evaluations  of  the  genotoxicity , metabolism 
and  pathology  of  arsenic,  a dose-response  assessment  using  a 
multistage  extrapolation  model  that  incorporated  low-dose 
linearity  was  used  to  estimate  a cancer  potency  of  1.5 
(mg/kg/day)'1. 

This  extrapolation  procedure  may  well  over-estimate  the 
risks  associated  with  arsenic  ingestion  as  the  dose-response 
curve  may  be  sublinear  and  thresholds  might  exist.  The 
Technical  Panel  also  concluded  that  the  nature  of  the 
carcinogenic  response  following  arsenic  exposure  should  be 
considered  when  evaluating  risk.  Most  skin  cancers  caused 
by  arsenic  exposure  are  easily  diagnosed  and  treated,  and 
generally  are  not  associated  with  an  increase  in  mortality. 
The  Technical  Panel  recommended  this  be  considered  when 
considering  carcinogenic  risk  of  arsenic  exposure,  and 
potentially,  the  risks  lowered  by  an  order  of  magnitude. 
However,  cancer  potency  values  for  other  compounds  do  not 
consider  a distinction  between  cancer  cases  and  the 
projected  number  of  deaths  resulting  from  those  cases,  and 
therefore,  no  reduction  in  risk  will  be  made  for  arsenic  in 
this  assessment. 
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Further  Evaluations  for  Lead.  The  toxicity  of  lead  and  the 
methods  for  expressing  its  toxicity  have  undergone  recent 
revisions.  A previously  published  acceptable  chronic  daily 
intake  value  (AIC)  set  a threshold  of  concern  which  was 
used,  along  with  exposure  assumptions  (as  described  above) , 
to  assess  the  potential  health  risk  from  exposure  (under  a 
given  set  of  assumptions)  (EPA,  1986c) . Recent 
toxicological  and  epidemiologic  research  indicate  low-level 
lead  exposure  has  a continuum  of  adverse  health  effects,  may 
not  have  a threshold  below  which  no  adverse  health  effects 
occur,  and  may  be  carcinogenic  at  high  level  exposures. 

Blood  lead  levels  as  low  as  10  to  15  micrograms  lead  per 
deciliter  ( ng/dl ) blood  in  children  are  believed  to  be 
associated  with  adverse  health  effects,  a substantial 
decrease  in  what  had  been  thought  to  present  a risk  (EPA, 
1988e) . Based  on  new  information  on  the  toxicity  of  lead, 
the  previously  published  AIC  has  been  withdrawn. 

Toxic  effects  of  lead  are  correlated  with  blood  lead  levels 
rather  than  exposure  levels  or  daily  intake.  In  adult 
males,  a consistent  relationship  between  blood  lead  levels 
and  blood  pressure  has  been  found,  down  to  the  lowest  levels 
measured.  Increased  blood  pressure  may  be  associated  with 
increased  risk  of  heart  disease.  Blood  lead  levels  above  30 
/xg/dl  are  associated  with  harmful  effects  in  several  organ 
systems  (U.S.EPA,  1988e) . 

Lead  has  been  shown  to  have  reproductive  effects  in  women 
and  can  be  transferred  through  the  placenta  to  a fetus. 
Prenatally  exposed  infants  have  a shorter  gestation  period, 
a lower  birth  weight  and  reduced  mental  development 
(U.S.EPA,  1988e) . 

Young  children  with  levels  between  5 and  50  /ig/dl  show  signs 
of  impaired  heme  synthesis,  altered  nervous  system  activity, 
impaired  growth,  impaired  mental  development  and  impaired 
vitamin  D metabolism.  EPA  (1988e)  concluded  that  10  to  15 
/ig/dl  was  an  appropriate  level  of  concern  for  health 
effects . 

Environmental  lead  concentrations  and  blood  lead  levels  have 
been  correlated  and  slope  estimates  generated  that  predict 
the  increase  in  blood  lead  per  unit  increase  in  lead 
concentration  in  soil,  water,  or  air.  These  estimates  are 
particularly  important  for  children  who  are  more  susceptible 
to  the  effects  of  lead,  ingest  more  on  a body  weight  basis, 
ingest  greater  quantities  (children  ingest  5 times  as  much 
dust  as  adults)  and  absorb  more  ingested  lead  than  adults 
(«50%  absorption  in  the  gastrointestinal  tract  for  children 
as  opposed  to  8 to  15%  in  adults) . EPA  estimated  an  increase 
of  0.6  to  6.8  ng/dl  of  blood  lead  occurs  for  each  increase 
of  1000  mg/kg  of  lead  in  soil/dust.  The  relationship 
between  lead  concentrations  in  air  to  blood  lead  levels  in 
children  and  adults  have  also  been  estimated  (ATS DR,  1988) . 
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Using  the  relationships  between  environmental  concentrations 
of  lead  and  blood  lead  levels,  an  estimate  of  the  potential 
health  effects  of  lead  can  be  made. 

An  important  consideration  in  this  approach  to  assessing 
health  risk  from  environmental  contamination  is  knowing  the 
true  background  blood  lead  of  the  receptor  population. 

Unless  this  is  known,  it  is  not  possible  to  determine  if 
site  conditions  would  increase  blood  lead  to  a level 
associated  with  adverse  health  effects.  On  a national 
basis,  background  levels  of  blood  lead  (geometric  mean)  in 
children  have  been  estimated  as  16  /xg/dl  (EPA  1986e)  . 
Background  levels  alone  exceed  the  level  EPA  has  determined 
to  be  a level  of  concern  (10  to  15  /ig/dl)  . Another  draw 
back  to  this  approach  is  the  need  to  consider  other  lead 
sources  that  could  contribute  to  the  total  lead  body  burden, 
for  example,  that  from  food,  water  and  ambient  air. 

Blood  lead  provides  an  accurate  indication  of  potential 
health  risk  from  lead  in  the  environment.  Blood  lead  levels 
are  not  available  for  receptors  in  the  vicinity  of  the  Warm 
Springs  Ponds.  No  means  of  quantifying  the  potential  health 
effects  of  lead  are  currently  available. 

MECHANISMS  OF  QUANTIFYING  RISK 

The  methodology  used  to  quantify  public  health  risk  is  based 
on  the  U.S.  EPA  Superfund  Public  Health  Evaluation  Manual 
(U.S.EPA,  1986c)  and  guidelines  published  for  estimating 
carcinogenic  risk  (U.S.  EPA,  1986b). 

CARCINOGENIC  RISK 


Excess  lifetime  cancer  risk  is  estimated  with  the  model: 
R = l - eV  xCDI 

Where: 


-1 


R = cancer  risk 

qi*  = cancer  potency  factor  (mg/kg/day) 

linearized  multistage  model 
CDI  = lifetime  chronic  average  daily  intake 
compound  (mg  of  compound/kg/day) 
e = base  of  natural  logarithm  (2.71828) 


from 


of  a 


For  risks  of  10'2  or  lower,  or  it  is  acceptable  to  use  the 
cancer  potency  factor  multiplied  by  the  CDI  because  the 
exponential  equation  is  essentially  linear  in  this  range. 

The  excess  lifetime  cancer  risk  is  the  incremental  increase 
in  the  probability  of  getting  cancer  compared  to  the 
background  probability  or  that  with  no  exposure  to  site 
contaminants.  Risks  are  generally  expressed  in  scientific 
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notation  and  are  probabilities.  For  example,  a risk  of  1 x 
10^  represents  the  probability  that  one  person  in  one 
million  persons  exposed  to  a carcinogen  over  a lifetime  (70 
years)  will  develop  cancer. 

NONCARCINOGENIC  RISK 

Noncarcinogenic  risk  is  determined  by  the  ratio  of  the  daily 
intake  of  a compound  through  a specific  exposure  route  (for 
example,  ingestion  uses  oral  intakes)  to  the  reference  dose 
(oral  RfD  for  ingestion)  for  that  exposure  route.  Ratios 
greater  than  one  indicate  the  potential  for  adverse  health 
effects,  as  the  RfD  is  exceeded  by  the  intake  (U.S.  EPA, 
1986c) . These  ratios  are  calculated  for  each  compound  with 
noncarcinogenic  effects  when  RfDs  or  AICs  are  available. 

If  all  individual  compound  ratios  are  below  one,  an 
additional  step  is  performed  to  calculate  the  hazard  index 
(HI) . The  HI  considers  exposure  to  a mixture  of  compounds 
having  noncarcinogenic  effects  based  on  the  assumption  that 
the  effects  of  chemical  mixtures  are  additive  (U.S.  EPA, 
1986a) . (Synergistic  or  antagonistic  interactions  between 
chemicals  may  be  taken  into  account  if  sufficient 
information  exists,  but  in  the  absence  of  that,  interactions 
are  assumed  to  be  additive.)  The  HI  is  calculated  by 
summing  the  ratios  of  intake  to  reference  dose  for  all 
noncarcinogenic  compounds  at  the  site: 

HI  = Ii/RfDi  + I2/Rf  D2  + . . . + Ij/RfDj 

Where: 

Ij  = Intake  of  the  jth  compound 

RfDj  = Reference  dose  for  the  jth  compound 

If  the  HI  exceeds  one,  the  next  step  is  to  segregate  the 
individual  compounds  present  in  the  environmental  medium 
under  evaluation  on  the  basis  of  organ-specific  toxic  effect 
or  nutritional  need.  These  segregated  fractions  are  then 
summed  and  the  HI  evaluated.  If  the  exceedance  of  the  HI  is 
clearly  based  on  one  compound  (one  compound  makes  up  99%  of 
the  HI) , segregation  of  compounds  will  not  be  done  as  the 
compound  responsible  for  the  exceedance  is  obvious. 

If  the  individual  ratios  exceed  one,  it  will  be  assumed  that 
a potential  health  risk  from  exposure  is  present  from 
exposure  to  the  individual  compound.  If  the  HI  exceeds  one, 
it  is  an  indication  of  the  transition  between  acceptable  and 
unacceptable  levels  of  exposure  and  a summing  of  ratios  will 
occur  for  compounds  with  the  same  target  organ  (U.S.  EPA, 
1986a) . If  the  ratios  for  the  compounds  that  affect  a 
specific  target  organ  exceed  one,  a potential  health  risk 
from  exposure  will  be  concluded. 
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RISK  ESTIMATES 


Risks  are  presented  below  for  each  exposure  pathway  that  can 
be  quantified,  by  exposure  scenario.  To  estimate 
carcinogenic  risk,  the  chronic  average  daily  lifetime  intake 
(CDIs)  was  calculated  based  on  assumptions  previously 
outlined  for  intake  and  the  exposure  point  concentrations 
presented  in  Section  4 of  this  assessment.  For 
noncarcinogenic  risk,  the  average  daily  intake  was  calculated 
based  on  assumptions  previously  outlined  for  intake  and  the 
exposure  point  concentrations  presented  in  Section  4 of  this 
assessment.  Both  are  termed  CDI.  When  a range  of  media 
intake  factors  (maximum  plausible  and  most  probable)  were 
estimated  in  the  exposure  assessment,  the  CDI  is  reported  as 
the  maximum  plausible  and  the  most  probable.  The  maximum 
plausible  CDI  is  derived  from  the  maximum  probable  media 
intake  and  the  maximum  concentration  reported  for  the 
compound  at  the  exposure  point.  The  most  probable  CDI  is 
derived  from  the  most  probable  compound  intake  multiplied  by 
the  average  compound  concentration  calculated  for  the 
exposure  point.  When  only  one  intake  factor  was  derived  in 
the  exposure  assessment  (as  for  residential  inhalation) , the 
CDI  still  uses  the  maximum  reported  and  average  compound 
concentration  at  the  exposure  point,  but  the  CDI  is  reported 
as  the  maximum  and  average.  Or  when  only  one  media 
concentration  is  available  (estimated  dust  concentrations) 
but  a range  of  intake  is  used,  the  CDI  is  reported  as  maximum 
and  average.  The  terms;  CDI  maximum  plausible  or  CDI  most 
probable,  are  reserved  for  CDIs  using  both  variable  intake 
rates  and  maximum  reported  media  concentrations  and  average 
media  concentrations. 

Carcinogenic  risks  that  use  the  maximum  plausible  CDI  are 
termed  maximum  and  those  that  use  the  most  probable  CDI  are 
termed  average.  It  must  be  kept  in  mind  that  all  risk  are 
upper  bound  estimates,  whether  referring  to  the  maximum 
exposure  or  the  average  exposure  anticipated.  Carcinogenic 
risks  that  use  maximum  and  average  CDIs  are  also  reported  as 
maximum  and  average. 


CURRENT  SCENARIOS 


Recreational 


Surface  Water.  Incidental  ingestion  of  surface  water 
produces  a maximum  plausible  carcinogenic  risk  of  6 x 10'7  and 
a most  probable  risk  of  5 x 10-8.  Arsenic  is  the  only 
compound  in  surface  water  that  presents  a carcinogenic  risk 
through  ingestion.  These  risks  are  presented  in  Table  6-3. 
None  of  the  compounds  which  exhibit  noncarcinogenic  effects 
exceeded  their  RfD  or  their  AIC  (AICs  were  only  used  for 
comparison  when  RfDs  were  not  available) . The  hazard  index 
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APPENDIX  A TABLE  6-3 
RECREATIONAL  SCENARIO 
INCIDENTAL  INGESTION  OF  SURFACE  WATER  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 


Chronic  Daily  Intake 


(mg/kg/day) 

Oral 

Upperbound  Excess 

Concentration  (ug/l)  

Potency 

Factor 

Lifetime  Cancer  Risk 

Locat i on\Compound 

Maximum 

Average 

Plausible 

Probable 

(mg/kg/day) -1 

Maximum 

Average 

WILDLIFE  POND 

Arsenic 

20 

10 

1.7E-07 

1.5E-08 

1.5  (2) 

3E-07 

2E-08 

POND  2 

Arsenic 

30 

10 

2.6E-07 

1.5E-08 

1.5 

4E-07 

2E-08 

TOTAL  RISK  = 

6E-07 

5E-08 

NON -CARCINOGENIC  1 

EFFECTS 

Daily  Intake 

(mg/kg/day) 

Oral 

CDI  :RfD  or 

CDI  :AIC 

i f ... 

Oral 

Reference 

Lunucnu  ck  iuii  v,uy/i^ 

Maximum 

Most 

AIC  (3) 

Dose 

Maximum 

Most 

Locat i on\Compound 

Max i mum 

Average 

Plausible 

Probable 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

WILDLIFE  PONDS 

Copper 

70  < 

10  (4) 

1.4E-05 

3.5E-07 

3.7E-02 

3.8E-04 

9.5E-06 

I ron 

180 

90 

3.6E-05 

3.2E-06 

NA 

(5) 

Lead 

10 

NR  (6) 

2.0E-06 

NA 

Zinc 

250 

NR 

5.0E-05 

2. IE-01 

2.4E-04 

POND  2 

Copper 

140  < 

10 

2.8E-05 

3.5E-07 

3.7E-02 

7.6E-04 

9.5E-06 

I ron 

1430 

410 

2.9E-04 

1.4E-05 

NA 

Lead 

20 

NR 

4.0E-06 

NA 

Zinc 

430 

140 

8.6E-05 

4.9E-06 

2. IE-01 

4. IE-04 

2.3E-05 

TOTAL  HI  = 2E-03  4E-05 


(1) .  Compound  included  in  table  are  those  for  which  data  are  available  from  1984-85  sampling. 

(2) .  Source:  Thomas,  1988. 

(3) .  Source:  EPA,  1986c. 

(4) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

(5) .  NA  indicates  value  is  not  available. 

(6) .  NR  indicates  values  were  not  reported. 

NOTE:  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the 
notation  1.5E-05  is  the  value  0.000015. 

NOTE:  CD  I s are  1/2  of  the  total  intake  through  incidental  ingestion  for  this  pathway. 

Wildlife  Ponds  and  Pond  2 intakes  must  be  added  together  for  the  total  from  this  pathway. 
See  Table  4-3  for  intake  assumptions. 
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does  not  exceed  one,  however,  data  are  not  available  with 
which  to  evaluate  all  noncarcinogenic  compounds  present  in 
surface  water. 

In  order  to  evaluate  risks  from  dermal  absorption  of  metals, 
oral  toxicity  values  were  used  as  dermal  toxicity  values  are 
not  available  (U.S.  EPA,  1986c).  Dermal  absorption  through 
contact  with  surface  water  results  in  negligible  intake  of 
noncarcinogenic  compounds;  the  total  HI  is  0.00000008  (8E- 
08) . Even  if  the  permeability  constant  for  any  metal  ion 
was  two  orders  of  magnitude  greater,  the  intake  of  compounds 
would  still  be  negligible.  These  intakes  are  presented  in 
Table  6-4.  No  data  are  yet  available  on  dissolved 
concentrations  of  carcinogenic  compounds  to  evaluate  the 
potential  carcinogenic  risk.  Carcinogenic  risk  is 
anticipated  to  be  negligible  as  well. 

Sediments . Ingestion  of  exposed  sediment  represents  one- 
half  and  each  of  the  pond  bottoms  are  one-fourth  of  the 
total  risk  from  incidental  sediment  ingestion  during 
recreational  use  of  the  area.  Risks  presented  on  Table  6-5 
have  been  adjusted  by  proportioning  intake  according  to 
location.  The  maximum  total  risk  from  incidental  sediment 
ingestion  from  all  locations,  as  presented  on  Table  6-5,  is 
estimated  at  4 x 10~5  (maximum  plausible  CDI)  and  3 x 10*6  for 
the  average  total  risk  (most  probable  CDI) . 

The  hazard  index  did  not  exceed  one  for  either  the  maximum 
plausible  or  most  probable  CDIs,  however,  data  are  not 
available  with  which  to  evaluate  all  noncarcinogenic 
compounds  present  in  sediment. 

Air.  Inhalation  of  sediment-laden  dust  during  recreational 
use  of  the  area  (dust  that  originated  from  the  exposed 
sediments  in  the  pond  system)  presents  an  upperbound  excess 
lifetime  cancer  risk  of  1 x 10'7  using  maximum  plausible 
intake  rates  and  5 x 10-8  using  the  most  probable  intake 
rates.  These  risks  are  presented  in  Table  6-6.  For 
conservative  purposes,  these  risks  assume  that  all  chromium 
present  in  dust  is  in  the  hexavalent,  potentially 
carcinogenic  form.  This  is  not  likely  to  be  the  actual 
situation  as  the  hexavalent  form  is  unstable  and  rapidly  is 
reduced  to  the  trivalent  form.  However,  even  if  chromium  is 
neglected  altogether,  the  risk  does  not  diminish  as  arsenic 
and  cadmium  are  primarily  responsible  for  the  total  risk. 

Of  the  noncarcinogenic  compounds,  none  exceed  their  AIC  or 
RfD  for  inhalation.  The  HI  does  not  exceed  unity. 

Ingestion  of  soils  as  a result  of  inhalation  of  wind-blown 
dusts  results  in  an  excess  lifetime  cancer  risk  of  2 x lO'8 
using  maximum  estimated  arsenic  in  dust  concentrations  and 
of  7 x 10'9  using  average  estimated  concentrations. 


6-20 


APPENDIX  A TABLE  6-4 
RECREATIONAL  SCENARIO 
DERMAL  ABSORPTION  FROM  SURFACE  WATER  (1) 


NON -CARCINOGENIC  EFFECTS 


Location/ 
Compound  (4) 

Concentration 

i (ug/l ) 

Daily  Intake 
(mg/kg/day) 

Oral 
AIC  (2) 
(mg/kg/day) 

Oral 

Reference 
Dose  (3) 
(mg/kg/day) 

CDI :RfD  or 

CDI  :AIC 

Maximum 

Reported 

Average 

Max i mum 
Plausible 

Most 

Probable 

Maximum 

Plausible 

Most 

Probable 

WILDLIFE  PONDS 

Copper,  dissolved 

20 

< 

10 

(5)  4E-10 

7E-11 

3.7E-02 

1. IE-08 

1.9E-09 

Iron,  dissolved 

60 

< 

10 

IE-09 

7E-11 

NA 

(6) 

Zinc,  dissolved 

190 

< 

10 

4E-09 

7E-11 

2. IE-01 

1.9E-08 

3.3E-10 

(subtotal ) 

3. IE-08 

2.2E-09 

POND  2 

Copper,  dissolved 

50 

< 

10 

IE-09 

7E-11 

3.7E-02 

2.9E-08 

1.9E-09 

Iron,  dissolved 

220 

< 

10 

5E-09 

7E-11 

NA 

Zinc,  dissolved 

380 

< 

10 

8E-09 

7E-11 

2. IE-01 

3.8E-08 

3.3E-10 

(subtotal)  6.7E-08  2.2E-09 

TOTAL  HI  = 9.8E-08  4.5E-09 


(1) .  Compounds  included  in  table  are  those  for  which  data  are  available  from  1984-85  sampling. 

(2) .  Source:  EPA,  1986c.  Oral  AICs  used  for  dermal  exposure  as  dermal  AICs 

are  not  available. 

(3) .  Source:  EPA,  1989e. 

(4) .  Only  compounds  which  exhibit  noncarcinogenic  effects  through  oral  exposure  were  considered. 

Additional  compounds  will  be  added  when  data  for  dissolved  concentrations  becomes  available. 

(5) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

(6) .  NA  indicates  value  is  not  available. 

NOTE:  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the 
notation  1.5E-05  is  the  value  0.000015. 

NOTE:  CDI's  are  1/2  total  for  Wildlife  Ponds  and  Pond  2. 

HI  subtotal  for  each  pond  is  presented,  as  is  total  for  dermal  exposure. 

See  Table  4-3  for  intake  assumptions. 
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APPENDIX  A TABLE  6-5 
RECREATIONAL  SCENARIO 

INCIDENTAL  INGESTION  OF  POND  BOTTOM  SEDIMENTS.  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 


Chronic  Daily  Intake 


(mg/kg/day) 

Oral 

Upperbound  Excess 

Concentration  (mg/kg) 

Maximum  Most 

Potency 

Factor 

Lifetime  Cancer  Risk 

Locat i on/Compound 

Maximum 

Average 

Plausible 

Probable 

(mg/kg/day)- 1 

Maximum 

Average 

WILDLIFE  PONDS 

Arsenic 

93.9 

41.7 

8.0E-07 

7.3E-08 

(2) 

1.5  (3) 

IE-06 

IE.- 07 

POND  2 

Arsenic 

1910 

590 

1.6E-05 

1.0E-06 

(2) 

1.5 

2E-05 

2E-06 

EXPOSED  SEDIMENTS 

Arsenic 

597 

349 

1.0E-05 

1.2E-06 

(4) 

1.5 

2E-05 

2E-06 

TOTAL  RISK  = 

4E-05 

3E-06 

NON -CARCINOGENIC  1 

EFFECTS 

Daily  Intake 

(mg/kg/day) 

Oral 

CD  I : R f D 

or  CD  I : A I C 

a . . “ j a 1 . 

Oral 

Reference 

Loncentra z 1 on  vrog/Kg; 

Maxi man 

Most 

AIC  (5) 

Dose  (6) 

Max i mum 

Most 

Locat i on/Compound 

Maximum 

Average 

Plausible 

Probable 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

WILDLIFE  PONDS 

(2) 

Barium 

218 

173 

3.8E-05 

6.0E-06 

5.0E-02 

7.6E-04 

1.2E-04 

Beryl l ium 

0.4 

< 

0.2 

(7)  7.0E-08 

7.0E-09 

5.0E-03 

1.4E-05 

1.4E-06 

Cadmium 

20.3 

< 

1.6 

3.6E-06 

5.6E-08 

5.0E-04 

7. IE-03 

1. IE-04 

Chromium 

13.6 

11 

2.4E-06 

3.9E-07 

1.0E+00 

2.4E-06 

3.9E-07 

Copper 

1160 

439 

2.0E-04 

1.5E-05 

3.7E-02 

5.5E-03 

4.2E-04 

I ron 

17300 

14200 

3.0E-03 

5.0E-04 

NA 

(8) 

Lead 

126 

54.5 

2.2E-05 

1.9E-06 

NA 

Mercury 

0.7 

< 

0.3 

1.2E-07 

1. IE-08 

2.0E-03 

6. IE-05 

5.3E-06 

Nickel 

10.4 

8.6 

1.8E-06 

3.0E-07 

2.0E-02 

9. IE-05 

1.5E-05 

Vanadium 

25 

19 

4.4E-06 

6.5E-07 

2.0E-02 

2.2E-04 

3.3E-05 

Zinc 

2380 

855 

4.2E-04 

3.0E-05 

2. IE-01 

2.0E-03 

1.4E-04 

(subtotal ) 

0.02 

0.0008 

POND  2 

(2) 

Ant i mony 

19.4 

< 

7.5 

3.4E-06 

2.6E-07 

4.0E-04 

8.5E-03 

6.6E-04 

Barium 

346 

243 

6. IE-05 

8.5E-06 

5.0E-02 

1.2E-03 

1.7E-04 

Beryl lium 

3.3 

< 

0.4 

5.8E-07 

1.4E-08 

5.0E-03 

1.2E-04 

2.8E-06 

Cadmium 

291 

< 

4 

5. IE-05 

1.4E-07 

5.0E-04 

1.0E-01 

2.7E-04 

Chromium 

71.2 

< 

7.9 

1.2E-05 

2.8E-07 

1.0E+00 

1.2E-05 

2.8E-07 

Copper 

15700 

4660 

2.7E-03 

1.6E-04 

3.7E-02 

7.4E-02 

4.4E-03 

I ron 

124000 

69300 

2.2E-02 

2.4E-03 

NA 

Lead 

1670 

< 

10 

2.9E-04 

3.5E-07 

NA 
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APPENDIX  A TABLE  6-5,  CONTINUED. 


NON-CARCINOGENIC  EFFECTS 


Daily  Intake 


(subtotal ) 
TOTAL  HI  = 


0.1 

0.3 


Locat i on/Compound 

Concentration  (mg/kg) 
Maximum  Average 

(mg/kg/day) 

Oral 
AIC  (5) 
(mg/kg/day) 

Oral 

Reference 
Dose  (6) 
(mg/kg/day) 

CDI :RfD 

or  CDI :AIC 

Maximum 

Plausible 

Most 

Probable 

Max i mum 
Plausible 

Most 

Probable 

POND  2 (continued) 

(2) 

Mercury 

8.3 

< 

0.3 

1.5E-06 

1. IE-08 

2.0E-03 

7.3E-04 

5.3E-06 

Nickel 

119 

< 

3.2 

2. IE-05 

1. IE-07 

2.0E-02 

1.0E-03 

5.6E-06 

Selenium 

7.4 

< 

1.8 

1.3E-06 

6.3E-08 

3.0E-03 

4.3E-04 

2. IE-05 

Vanadium 

89.6 

45.5 

1.6E-05 

1.6E-06 

2.0E-02 

7.8E-04 

8.0E-05 

Zinc 

28200 

4860 

4.9E-03 

1.7E-04 

2. IE-01 

2.4E-02 

8. IE-04 

(subtotal ) 

0.18 

0.005 

EXPOSED  AREAS 

(4) 

Aluminum 

13700 

8598 

4.8E-03 

6.0E-04 

Antimony 

17.3 

10.3 

6. IE-06 

7.2E-07 

4.0E-04 

1.5E-02 

1.8E-03 

Barium 

291 

227.8 

1.0E-04 

1.6E-05 

5.0E-02 

2.0E-03 

3.2E-04 

Beryl l ium 

0.87 

0.6 

3.0E-07 

4.2E-08 

5.0E-03 

6. IE-05 

8.4E-06 

Cadmium 

15 

5.9 

5.3E-06 

4. IE-07 

5.0E-04 

1. IE-02 

8.3E-04 

Chromium 

41.5 

27.3 

1.5E-05 

1.9E-06 

1.0E+00 

1.5E-05 

1.9E-06 

Copper 

2390 

1463 

8.4E-04 

1.0E-04 

3.7E-02 

2.3E-02 

2.8E-03 

I ron 

70800 

46950 

2.5E-02 

3.3E-03 

NA 

Lead 

923 

634 

3.2E-04 

4.4E-05 

NA 

Mercury 

3 

1.9 

1. IE-06 

1.3E-07 

2.0E-03 

5.3E-04 

6.7E-05 

Nickel 

10.7 

7.9 

3.7E-06 

5.5E-07 

2.0E-02 

1.9E-04 

2.8E-05 

Selenium 

0.7 

0.6 

2.5E-07 

4.2E-08 

3.0E-03 

8.2E-05 

1.4E-05 

Vanadium 

46 

29.5 

1.6E-05 

2. IE-06 

2.0E-02 

8. IE-04 

1.0E-04 

Zinc 

2110 

1136 

7.4E-04 

8.0E-05 

2. IE-01 

3.5E-03 

3.8E-04 

0.006 

0.01 


(1) .  Compounds  included  in  table  are  those  for  which  data  are  avaiable  from  1984-1985  sampling,  with  the 

exception  of  the  Exposed  Areas  of  Pond  2 for  which  data  from  1987  and  1988  were  used. 

(2) .  CDIs  are  1/4  of  the  total  intake  through  incidental  ingestion  of  pond  bottom  sediment. 

(3) .  Source:  Thomas,  1988. 

(4) .  CDIs  are  1/2  of  the  total  intake  through  incidental  ingestion  of  exposed  area  sediments. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the  notation 
1.5E-05  is  the  value  0.000015. 

NOTE:  See  Table  4-3  for  intake  assumptions. 
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APPENDIX  A TABLE  6-6 
RECREATIONAL  SCENARIO 
INHALATION  OF  WIND-BLOWN  SEDIMENTS 


POTENTIAL  CARCINOGENIC  EFFECTS 


Compounds 

Annua l 

Estimated  Dust  (1 ) 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
Potency 
Factor  (5) 
(mg/kg/day)- 

Upperbound  Excess 
Lifetime  Cancer  Risk 

Max i mum 

Average 

1 Maximum 

Average 

Arsenic 

0.0061 

1.4E-09 

(3)  4.5E-10  (4) 

50 

7E-08 

2E-08 

Beryl l ium 

0.00001 

7.4E-12 

2.5E-12 

8.4 

6E-11 

2E-11 

Cadmi urn 

0.011 

8. IE-09 

2.7E-09 

6.1 

5E-08 

2E-08 

Chromium  (VI) 

0.00062 

4.6E-10 

1.5E-10 

41 

2E-08 

6E-09 

Nickel 

0.0002 

1.5E-10 

4.9E-11 

0.84 

IE-10 

4E-11 

TOTAL  RISK  = IE-07  5E-08 


NON -CARCINOGENIC  EFFECTS 

Daily  Intake  Inhalation  CDI:RfD  or  CDI:AIC  Ratio 


Compounds 

24-Hr 

Estimated  Dust  (1 ) 
Concentration  (ug/m3) 

(mg/kg/day)  (2) 
Maximum  Average 

Inhalation 
AIC  (6) 
(mg/kg/day) 

Reference 
Dose  (5) 
(mg/kg/day) 

Max i mum 
Plausible 

Most 

Probable 

Aluminum 

0.532 

9.2E-06 

3.9E-06 

NA 

(7) 

Copper 

0.092 

1.6E-06 

6.8E-07 

1.0E-02 

1.6E-04 

6.8E-05 

I ron 

3.55 

6. IE-05 

2.6E-05 

8.6E-03 

7. IE-03 

3.0E-03 

Lead 

0.044 

7.6E-07 

3.2E-07 

4.3E-04 

1.8E-03 

7.6E-04 

Magnesium 

0.384 

6.6E-06 

2.8E-06 

NA 

Manganese 

0.808 

1.4E-05 

6.0E-06 

3.0E-04 

4.6E-02 

2.0E-02 

Mercury 

0.00008 

1.4E-09 

5.9E-10 

5. IE-05 

2.7E-05 

1.2E-05 

Vanadium 

0.002 

3.4E-08 

1.4E-08 

NA 

Zinc 

0.144 

2.5E-06 

1. IE-06 

0.01 

2.5E-04 

1. IE-04 

TOTAL  HI  = 

0.056 

0.024 

(1) .  Modeled  dust  concentrations  at  the  Wildlife  Ponds.  Particulate  emissions  estimated  at  212  ug/m3. 

Annual  average  concentrations  obtained  from  Appendix  A Table  4-9  under  Wildlife  Ponds  heading. 

(2) .  Maximum  CDI  uses  maximum  plausible  intake  value,  average  CDI  uses  most  probable  intake  value. 

Intake  considers  annual  average  dust  concentration  multiplied  by  0.246  to 
account  for  the  respirable  fraction. 

(3) .  Value  assumes  only  a 30%  absorption,  all  other  inorganics  assume  100%. 

(4) .  Scientific  notation  is  used  for  ease  in  reading  small  values  (numbers  with  more  than  four  decimal  places). 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(5) .  Source:  EPA,  1989e;  EPA,  1989a. 

(6) .  Source:  EPA,  1986c. 

(7) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-3  for  maximum  plausible  and  most  probable  intake  assumptions. 
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Of  the  noncarcinogenic  compounds  in  dust,  none  exceed  their 
oral  AIC  or  RfD,  nor  does  the  HI  exceed  one.  Table  6-7 
presents  these  risks. 


Biota . Risk  through  ingestion  of  fish  and  waterfowl  from 
the  site  are  presented  on  Tables  6-8  and  6-9,  respectively. 
Although  the  edible  tissue  of  fish  and  waterfowl  did  not 
exceed  "expected"  concentrations  of  contaminants  in  tissue, 
the  risks  from  ingestion  of  fish  at  the  assumed  maximum 
plausible  CDI  was  6 x 10'5.  It  must  be  remembered,  that  risk 
through  this  pathway  could  be  zero,  as  the  ponds  are  catch 
and  release  only  and  keeping  fish  from  the  ponds  is  not 
legal.  If  poaching  does  not  occur,  then  the  risk  through 
this  pathway  would  be  zero. 

Risk  from  ingestion  of  waterfowl  at  the  assumed  maximum 
plausible  CDI  is  calculated  at  1 x 10'5.  Of  the  compounds 
that  exhibit  noncarcinogenic  effects  through  ingestion,  none 
exceed  their  respective  AICs,  nor  does  the  HI  exceed  one  for 
ingestion  of  fish,  waterfowl  or  both. 

Total  Recreation  Risk.  Carcinogenic  risks  associated  with 
recreational  use  of  the  pond  system  total  1 x 10"*,  resulting 
from  incidental  ingestion  of  sediments,  both  pond  bottoms 
and  exposed,  inhalation  of  wind-blown  sediments,  and 
ingestion  of  fish  and  waterfowl  at  the  assumed  maximum 
plausible  rate. 

Several  factors  influence  the  total  carcinogenic  risk.  One 
was  mentioned  above,  that  consumption  of  fish  from  the  ponds 
is  not  legal  and  may  not  actually  occur.  In  addition,  if 
poaching  does  occur,  the  fish  population  of  the  ponds  may  not 
be  large  enough  to  result  in  the  estimated  risks. 

Occupational 

Surface  Water.  Incidental  ingestion  of  surface  water  during 
work  related  activities  produced  a risk  of  2 x 10'5  using  the 
maximum  plausible  exposures.  Each  of  the  four  locations 
contributed  one-fourth  to  the  total  risk,  with  the  greatest 
risk  coming  from  the  pond  outflow  (see  Table  6-10) . A total 
risk  of  2 x 10'7  resulted  from  the  most  probable  exposures 
and  were  identical  for  all  locations  (all  had  the  same 
average  concentration) . The  intake  of  concentrations  of 
compounds  having  noncarcinogenic  effects  did  not  exceed 
their  respective  RfDs  or  AICs,  nor  did  the  HI  for  all 
locations  exceed  one. 

As  seen  in  the  recreational  scenario,  noncarcinogenic  risk 
from  dermal  absorption  through  contact  with  surface  water  is 
negligible,  the  total  HI  using  the  maximum  plausible  CDI  is 
0.00000077  (7.7E-07).  Table  6-11  presents  the 

0 noncarcinogenic  chronic  daily  intake  and  ratios.  Even  using 

high  flow  data,  as  it  is  reasonably  expected  that  MDFWP 


6-25 


APPENDIX  A TABLE  6-7 
RECREATIONAL  SCENARIO 

INGESTION  AS  A RESULT  OF  INHALATION  OF  WIND-BLOWN  SEDIMENTS 


POTENTIAL  CARCINOGENIC  EFFECTS 


Chronic  Daily  Intake 
Annual  (mg/kg/day)  (2) 


Oral  Upperbound  Excess 

Potency  Lifetime  Cancer  Risk 


Estimated  Dust  (1)  Factor 


Compounds 

Concentration  (ug/m3) 

Maximum 

Average 

(mg/kg/day) -1 

Maximum 

Average 

Arsenic 

0.0061 

1.4E-08 

4.6E-09 

(3) 

1.5  (4) 

2E-08 

7E-09 

TOTAL  RISK  = 

2E-08 

7E-09 

NON-CARCINOGENIC 

EFFECTS 

Daily  Intake 

Oral 

CDI  :RfD  or 

CDI :AIC  Ratio 

24-Hr 

(mg/kg/day)  (2) 

Oral 

Reference 

Estimated  Dust  ( 1 ) 

AIC  (5) 

Dose  (6) 

Maximum 

Most 

Compounds 

Concentration  (ug/m3) 

Maximum 

Average 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

Aluminum 

0.532 

2.8E-05 

1.2E-05 

NA 

(7) 

Beryl l ium 

0.00004 

2. IE-09 

9.0E-10 

5.0E-03 

4.2E-07 

1.8E-07 

Cadmium 

0.044 

2.3E-06 

9.9E-07 

5.0E-04 

4.6E-03 

2.0E-03 

Chromi urn 

0.0025 

1.3E-07 

5.6E-08 

1.0E+00 

1.3E-07 

5.6E-08 

Copper 

0.092 

4.8E-06 

2. IE-06 

4.0E-02 

1.2E-04 

5.2E-05 

I ron 

3.55 

1.9E-04 

8.0E-05 

NA 

Lead 

0.044 

2.3E-06 

9.9E-07 

NA 

Magnesium 

0.384 

2.0E-05 

8.6E-06 

NA 

Manganese 

0.808 

4.2E-05 

1.8E-05 

2.0E-01 

2. IE-04 

9. IE-05 

Mercury 

0.00008 

4.2E-09 

1.8E-09 

2.0E-03 

2. IE-06 

9.0E-07 

Nickel 

0.0008 

4.2E-08 

1.8E-08 

2.0E-02 

2. IE-06 

9.0E-07 

Vanadium 

0.002 

1.0E-07 

4.4E-08 

2.0E-02 

5. IE-06 

2.2E-06 

Zinc 

0.144 

7.6E-06 

3.2E-06 

2. IE-01 

3.6E-05 

1.5E-05 

TOTAL  HI  = 

5.0E-03 

2. IE-03 

(1) .  Modeled  dust  concentrations  at  the  Wildlife  Ponds.  Particulate  emissions  estimated  at  212  ug/m3. 

Annual  average  concentrations  obtained  from  Appendix  A Table  4-9  under  Wildlife  Pond  heading. 

(2) .  Intake  considers  annual  average  dust  concentration  multiplied  by  0.75  to 

account  for  the  percent  of  nonrespi rable  particulates  ingested. 

Maximum  CDI  uses  maximum  plausible  intake  value,  average  CDI  uses  most  probable  intake  value. 

(3) .  Scientific  notation  is  used  for  ease  in  reading  small  values  (numbers  with  more  than  four  decimal  places). 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(4) .  Source:  Thomas,  1988. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-3  for  maximum  plausible  and  most  probable  intake  assumptions. 
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APPENDIX  A TABLE  6-8 
RECREATIONAL  SCENARIO 
FISH  INGESTION  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 

Chronic  Daily  Intake 


Edible  Fish  Tissue 
Concentration  (ug/g) 

(mg/kg/day) 

Maximum  Most 

Plausible  Probable 

Oral 

Potency 

Factor 

(mg/kg/day) -1 

Upperbound  Lifetime 
Excess  Cancer  Risk 

Compounds 

Maximum  Average 

Maximum 

Average 

Arseni c 

0.15  0.14 

3.9E-05  (2)  2.2E-05 

1.5  (3) 

6E-05 

3E-05 

TOTAL  RISK  = 

6E-05 

3E-05 

NON-CARCINOGENIC 

EFFECTS 

Edible  Fish  Tissue 
Concentration  (ug/g) 

Daily  Intake 
(mg/kg/day) 

Oral 
AIC  (4) 
(mg/kg/day) 

Oral 

Reference 
Dose  (5) 
(mg/kg/day) 

CD I :RfD  or 

CD  I : A I C 

Maximum  Most 

Plausible  Probable 

Max i mum 
Plausible 

Most 

Probable 

Compounds 

Maximum  Average 

Cadmi urn 

Copper 

Zinc 

0.17  0.10 
0.84  0.56 
6.18  5.06 

1.0E-04  4.0E-05 
5.0E-04  2.2E-04 
3.7E-03  2.0E-03 

3.7E-02 
2. IE-01 

5.0E-04 

2. IE-01 
1.4E-02 
1.8E-02 

8. IE-02 
6.0E-03 
9.6E-03 

TOTAL  HI  = 

0.24 

0.096 

(1) .  Compounds  included  in  table  are  those  that  were  analyzed  in  fish  tissue. 

(2) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(3) .  Source:  Thomas,  1988. 

(4) .  Source:  EPA,  1986c. 

(5) .  Source:  EPA,  1989e;  EPA,  1989a. 

NOTE:  See  Table  4-3  for  intake  assumptions. 


A 


6-27 


APPENDIX  A TABLE  6-9 
RECREATIONAL  SCENARIO 
WATERFOWL  INGESTION  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 

Chronic  Daily  Intake 


Adult  Muscle  Tissue 
Concentration  (ug/g) 

(mg/kg/day) 

Maximum  Most 

Plausible  Probable 

Oral 

Potency 

Factor 

(mg/kg/day) 

Upper bound  Excess 
Lifetime  Cancer  Risk 

Compound 

Maximum  Average 

- 1 Max i mum 

Average 

Arsenic 

0.06  < 0.04 

(2)  9.9E-06  (3)  5.2E-06 

1.5 

(4)  IE-05 

8E-06 

TOTAL  RISK 

= IE-05 

8E-06 

Compounds  w/ 
Noncarcinogenic 
Effects 

Adult  Muscle  Tissue 
Concentration  (ug/g) 

Daily  Intake 
(mg/kg/day) 

Oral 
A I C (5) 
(mg/kg/day) 

Oral 

Reference 
Dose  (6) 
(mg/kg/day) 

CDI :RfD  or 

CDI :AIC 

Maximum  Most 

Plausible  Probable 

Maximum 

Plausible 

Most 

Probable 

Maximum  Average 

Cadmi urn 

Copper 

Zinc 

0.1  0.04 
12.4  5.6 
15.7  10.2 

4.0E-05  1.2E-05 
5.0E-03  1.7E-03 
6.3E-03  3. IE-03 

3.7E-02 
2. IE-01 

5.0E-04 

8.0E-02 

1.3E-01 

3.0E-02 

2.4E-02 

4.5E-02 

1.5E-02 

TOTAL  HI  = 0.24  0.08 


(1) .  Compounds  included  in  table  are  those  that  were  analyzed  in  waterfowl  tissue. 

(2) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

(3) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(4) .  Source:  Thomas,  1988. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

NOTE:  See  Table  4-3  for  intake  assumptions. 
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APPENDIX  A TABLE  6-10 
OCCUPATIONAL  SCENARIO 
INCIDENTAL  INGESTION  OF  SURFACE  WATER  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 


Chronic  Daily  Intake  (2) 


(mg/kg/day) 

Oral 

Upperbound  Excess 

Concentration  (ug/l) 

Potency 

Lifetime  Cancer  Risk 

Max i mum 

Most 

Factor 

Locat i on/Compound 

Maximum 

Average 

Plausible 

Probable 

(mg/kg/day) -1 

Max i mum 

Average 

INFLOW  TO  PONDS 

Arsenic 

50 

< 10 

(3)  1.4E-06  (4) 

5.0E-08 

1.5  (5) 

2E-06 

8E-08 

OPPORTUNITY  DISCHARGE 

Arsenic 

30 

NR 

(6)  8.3E-07 

1.5 

IE-06 

WILDLIFE  PONDS 

Arsenic 

20 

10 

5.5E-07 

5.0E-08 

1.5 

8E-07 

8E-08 

OUTFLOW  FROM  PONDS 

Arsenic 

300 

10 

8.3E-06 

5.0E-08 

1.5 

IE-05 

8E-08 

TOTAL  RISK  = 

2E-05 

2E-07 

NON-CARCINOGENIC  EFFECTS 

Daily  Intake 

(mg/kg/day) 

Oral 

CDI  :RfD 

or  CDI : AIC 

^ - , , 1 V 

Oral 

Reference 

UUUUCMU  dUUIl  vuy/  U 

Max i mum 

Most 

AIC  (7) 

Dose  (8) 

Max i mun 

Most 

Location/Compound 

Maximum 

Average 

Plausible 

Probable 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

INFLOW  TO  PONDS 

Copper 

260 

170 

2.3E-05 

3.0E-06 

0.037 

6.3E-04 

8.0E-05 

I ron 

2280 

980 

2. IE-04 

1.7E-05 

NA 

(9) 

Lead 

30 

10 

2.7E-06 

1.8E-07 

NA 

Zinc 

640 

420 

5.8E-05 

7.4E-06 

0.21 

2.7E-04 

3.5E-05 

(subtotal ) 

6.3E-04 

8.0E-05 

OPPORTUNITY  DISCHARGE 

Copper 

100 

< 10 

9.0E-06 

1.8E-07 

0.037 

2.4E-04 

4.7E-06 

I ron 

24200 

4440 

2.2E-03 

7.8E-05 

NA 

Lead 

190 

NR 

1.7E-05 

NA 

Zinc 

1680 

250 

1.5E-04 

4.4E-06 

0.21 

7.2E-04 

2. IE-05 

(subtotal ) 

9.6E-04 

2.6E-05 

WILDLIFE  PONDS 

Copper 

70.0 

< 10.0 

6.3E-06 

1.8E-07 

0.037 

1.7E-04 

4.7E-06 

I ron 

180.0 

90.0 

1.6E-05 

1.6E-06 

NA 

Lead 

10.0 

NR 

9.0E-07 

NA 

Zinc 

250.0 

NR 

2.3E-05 

0.21 

1. IE-04 

(subtotal ) 


2.8E-04  4.7E-06 
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APPENDIX  A TABLE  6-10,  CONTINUED 


NON-CARCINOGENIC  EFFECTS 

Concentration  (ug/l) 


Daily  Intake 
(mg/kg/day) 


Oral 


Oral 

Reference 


CD  I : R f D or  CD  I : AI C 


Locat i on/Compound 

Maximum 

Average 

Maximum 

Plausible 

Most 

Probable 

AIC  (7) 
(mg/kg/day) 

Dose  (8) 
(mg/kg/day) 

Maximum 

Plausible 

Most 

Probable 

OUTFLOW  FROM  PONDS 

Copper 

140 

< 

10 

1.3E-05 

1.8E-07 

0.037 

3.4E-04 

4.7E-06 

I ron 

1430 

410 

1.3E-04 

7.2E-06 

NA 

Lead 

20 

NR 

1.8E-06 

NA 

Zinc 

430 

140 

3.9E-05 

2.5E-06 

0.21 

1.8E-04 

1.2E-05 

(subtotal ) 


5.2E-04 


1.6E-05 


TOTAL  HI  = 


2.4E-03 


1.3E-04 


(1). 

(2). 

(3) . 

(4) . 

(5) . 

(6) . 

(7) . 

(8) . 
(9). 


Compounds  included  in  table  are  those  for  which  data  are  available 
CDIs  for  each  pond  are  1/4  of  the  total  intake. 

A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in 
Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

Source:  Thomas,  1988. 

NR  indicates  value  not  reported. 

Source:  EPA,  1986c. 

Source:  EPA,  1989e;  EPA,  1989a. 

NA  indicates  value  is  not  available. 


from  1984-85  sampling, 
the  calculation. 
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APPENDIX  A TABLE  6-11 
OCCUPATIONAL  SCENARIO 
DERMAL  ABSORPTION  FROM  SURFACE  WATER  (1) 


NON-CARCINOGENIC  EFFECTS 

Concentration  (ug/l) 


Daily  Intake  (2) 
(mg/kg/day) 


Oral 


Oral  CDI:RfD  or  CDI:AIC 

Reference  


L oc a t i on/ C ompound 

Maximum 

Average 

Maximum 

Plausible 

Most 

Probable 

AIC  (3) 
(mg/kg/day) 

Dose  (4)  Maximum 

(mg/kg/day)  Plausible 

Most 

Probable 

INFLOU  TO  PONDS 

Copper,  dissolved 

60 

< 

20 

(5)  3.8E-09  (6) 

4.3E-10 

0.037 

1.0E-07 

1. IE-08 

Iron,  dissolved 

110 

50 

7.0E-09 

1. IE-09 

NA 

(7) 

Zinc,  dissolved 

320 

160 

2.0E-08 

3.4E-09 

0.21 

9.7E-08 

1.6E-08 

(subtotal ) 

2.0E-07 

2.8E-08 

OPPORTUNITY  DISCHARGE 

Copper,  dissolved 

50 

< 

10 

3.2E-09 

2. IE-10 

0.037 

8.6E-08 

5.7E-09 

Iron,  dissolved 

21400 

10 

1.4E-06 

2. IE-10 

NA 

Zinc,  dissolved 

640 

180 

4. IE-08 

3.8E-09 

0.21 

1.9E-07 

1.8E-08 

(subtotal ) 

2.8E-07 

2.4E-08 

WILDLIFE  PONDS 

Copper,  dissolved 

20 

< 

10 

1.3E-09 

2. IE-10 

0.037 

3.4E-08 

5.7E-09 

Iron,  dissolved 

60 

< 

10 

3.8E-09 

2. IE-10 

NA 

Zinc,  dissolved 

190 

< 

10 

1.2E-08 

2. IE-10 

0.21 

5.8E-08 

1.0E-09 

(subtotal ) 

9.2E-08 

6.8E-09 

OUTFLOW  FROM  PONDS 

Copper,  dissolved 

50 

< 

10 

3.2E-09 

2. IE-10 

0.037 

8.6E-08 

5.7E-09 

Iron,  dissolved 

220 

< 

10 

1.4E-08 

2. IE-10 

NA 

Zinc,  dissolved 

380 

< 

10 

2.4E-08 

2. IE-10 

0.21 

1.2E-07 

1.0E-09 

(subtotal)  2.0E-07  6.8E-09 


TOTAL  HI  = 7.7E-07  6.5E-08 


(1) .  Compounds  included  in  table  are  those  for  which  data  are  available  from  1984-85  sampling,  without  high  flow. 

(2) .  CDIs  for  each  pond  are  1/4  of  the  total. 

(3) .  Source:  EPA,  1986c.  Oral  AICs  used  for  dermal  exposure  as  dermal  AICs  factors  are  not  available. 

(4) .  Source:  EPA,  1989e;  EPA,  1989a. 

(5) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

(6) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(7) .  NA  indicates  value  not  available. 

NOTE:  See  Table  4-4  for  intake  assumptions 
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personnel  would  be  exposed  to  high  flow  concentrations 
(although  not  for  30  years  of  continuous  exposure) , 
carcinogenic  risks  are  negligible,  4 x 109  (see  Table  6-12)  . 
Oral  toxicity  values  are  used  to  estimate  dermal  risk  in 
this  assessment  as  dermal  toxicity  values  are  not  available. 

Sediments . Assuming  all  incidental  ingestion  of  sediments 
in  the  pond  area  is  from  exposed  pond  sediments,  the 
estimated  maximum  risk  is  2 x 10-4  using  the  maximum 
plausible  CDI . Using  the  most  probable  CDI , the  average 
risk  is  2 x 10'5.  These  risks  are  presented  in  Table  6-13. 

It  is  likely  that  the  majority  of  incidental  sediment 
ingestion  would  be  from  dried,  exposed  areas  in  the  ponds 
for  MDFWP  employees  because  of  the  nature  of  their  work. 
Activities  related  to  grain  production  would  put  employees 
in  situations  that  could  result  in  high  dust  production 
(tilling  soil,  etc.). 

Compounds  exhibiting  noncarcinogenic  effects  do  not  exceed 
their  respective  RfDs  or  AICs  for  ingestion  for  either  the 
maximum  plausible  or  most  probable  CDI,  nor  does  the  hazard 
index  exceed  one. 

Air.  Inhalation  of  dust  that  originated  from  the  exposed 
sediments  in  the  pond  system  by  MDFWP  employees  produces  a 
maximum  total  carcinogenic  risk  of  2 x 10-6  using  the  maximum 
plausible  CDI  and  an  average  total  risk  for  the  most 
probable  CDI  of  1 x 10-6,  as  shown  on  Table  6-14.  These 
risks  assume  all  chromium  present  in  dust  is  in  the 
potentially  carcinogenic  (through  inhalation)  hexavalent 
form.  This  assumption  is  not  likely,  as  hexavalent  chrome 
is  unstable  and  will  react  with  reducing  agents  to  form 
trivalent  chrome.  Continuous  concentrations  of  hexavalent 
chrome  in  sediments  for  30  years  is  not  realistic,  nor  is 
the  assumption  that  hexavalent  chrome  will  remain  in  dust. 
Discounting  chromium  from  the  total  risk  does  not  influence 
it,  as  arsenic  and  cadmium  contribute  to  the  total  1043  risk. 

Compounds  exhibiting  noncarcinogenic  effects  do  not  exceed 
their  respective  RfDs  or  AICs  for  either  the  maximum 
plausible  or  most  probable  CDI,  nor  does  the  hazard  index 
exceed  one. 

Upperbound  excess  lifetime  cancer  risk  from  ingestion  of 
sediments  as  a result  of  inhalation  of  wind-blown  dusts 
results  in  a 4 x 10'7  risk  using  maximum  exposures  and  2 x 
10'7  using  average  exposures,  as  shown  on  Table  6-15. 
Compounds  exhibiting  noncarcinogenic  effects  do  not  exceed 
their  respective  RfDs  or  AICs  for  ingestion  for  either  the 
maximum  or  average  exposures,  nor  does  the  hazard  index 
exceed  one. 
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APPENDIX  A TABLE  6-12 
OCCUPATIONAL  SCENARIO 

DERMAL  ABSORPTION  FROM  SURFACE  WATER  DURING  HIGH  FLOWS  (1) 


POTENTIAL  CARCINOGENIC 

EFFECTS 

Concentration  (ug/l) 

Chronic  Daily  Intake  (2) 
(mg/kg/day) 

Maximum  Most 

Plausible  Probable 

Oral 

Potency 

Factor 

(mg/kg/day) 

Upperbound  Excess 
Lifetime  Cancer  Risk 

Locat i on/Compound 

Max i mum 

Average 

- 1 Max i mum 

Average 

INFLOW  TO  PONDS 
Arsenic,  dissolved 

58 

22 

2.2E-09  (3)  2.8E-10 

1.5 

(4)  3E-09 

4E-10 

OUTFLOW  FROM  PONDS 
Arsenic,  dissolved 

20 

13 

7.5E-10  1.6E-10 

1.5 

IE-09 

2E-10 

TOTAL  RISK 

= 4E-09 

7E-10 

NON -CARCINOGENIC  EFFECTS 

Concentration  (ug/l) 
Location/Compound  Maximum  Average 


Daily  Intake 
(mg/kg/day) 


Maximum  Most 
Plausible  Probable 


Oral 
AIC  (5) 
(mg/kg/day) 


Oral 

Reference 
Dose  (6) 
(mg/kg/day) 


CDIiRfD  or  CD  I : A I C 


Maximum  Most 

Plausible  Probable 


INFLOW  TO  PONDS 


Aluminum,  dissolved 

121 

67 

1.5E-08 

2.8E-09 

NA  (7) 

Copper,  dissolved 

94 

61 

1.2E-08 

2.6E-09 

3.7E-02 

3.2E-07 

7.0E-08 

Iron,  dissolved 

147 

98 

1.9E-08 

4.2E-09 

NA 

Lead,  dissolved 

5 < 

1 

(8)  6.4E-10 

4.3E-11 

NA 

Manganese,  dissolved 

445  < 

137 

5.7E-08 

5.8E-09 

2.0E-01 

2.8E-07 

2.9E-08 

Zinc,  dissolved 

186 

128 

2.4E-08 

5.4E-09 

2. IE-01 

1. IE-07 

2.6E-08 

(subtotal ) 

7.2E-07 

1.3E-07 

OUTFLOW  FROM  PONDS 

Aluminum,  dissolved 

128 

97 

1.6E-05 

1.2E-06 

NA 

Copper,  dissolved 

34 

23 

4.3E-06 

2.9E-07 

0.037 

1.2E-04 

7.8E-06 

Iron,  dissolved 

126 

79 

1.6E-05 

9.9E-07 

NA 

Manganese,  dissolved 

154 

90 

2.0E-05 

1. IE-06 

2.0E-01 

9.8E-05 

5.6E-06 

Zinc,  dissolved 

594 

314 

7.6E-05 

3.9E-06 

0.21 

3.6E-04 

1.9E-05 

(subtotal)  5.8E-04  3.2E-05 


TOTAL  HI  = 5.8E-04  3.2E-05 


(1) .  Compounds  included  in  table  are  those  for  which  data  are  available  from  1986  high  flow  sampling. 

(2) .  CDIs  are  1/2  of  the  total  dermal  intake  during  high  flow  (HF)  since  HF  data  are  not  available  from  other  ponds. 

(3) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  a notation  of  1.5E-04  is  the  value  0.00015. 

(4) .  Source:  Thomas,  1988.  Oral  potency  factors  and  reference  doses  are  used  for  dermal  exposure. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  NA  indicates  value  is  not  available. 

(8) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

NOTE:  See  Table  4-4  for  intake  assumptions. 
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APPENDIX  A TABLE  6-13 
OCCPUATIONAL  SCENARIO 

INCIDENTAL  INGESTION  OF  EXPOSED  SEDIMENT  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 

Concentration  (mg/kg) 


Chronic  Daily  Intake 
(mg/kg/day) 


Oral  Upperbound  Excess 

Potency  Lifetime  Cancer  Risk 


Compound 

Maxi mem 

Average 

Maximum  Most 

Plausible  Probable 

Factor  

(mg/kg/day) -1  Maximum 

Average 

Arsenic 

597 

349 

1.3E-04  (2)  1.4E-05 

1.5  (3)  2E-04 

2E-05 

NON -CARCINOGENIC 
Compound 

EFFECTS 

Concentration  (mg/kg) 
Maximum  Average 

Daily  Intake 
(mg/kg/day) 

Oral 
AIC  (4) 
(mg/kg/day) 

Oral 

Reference 
Dose  (5) 
(mg/kg/day) 

CDI  :RfD  or 

CD  I : A I C 

Maximum 

Plausible 

Most 

Probable 

Max i mum 
Plausible 

Most 

Probable 

Antimony 

17.3 

10.3 

1.2E-05 

1.4E-06 

4.0E-04 

3.0E-02 

3.6E-03 

Barium 

291 

227.8 

2.0E-04 

3.2E-05 

5.0E-02 

4. IE-03 

6.4E-04 

Beryl l ium 

0.87 

0.6 

6. IE-07 

8.4E-08 

5.0E-03 

1.2E-04 

1.7E-05 

Cadmium 

15 

5.9 

1. IE-05 

8.3E-07 

5.0E-04 

2. IE-02 

1.7E-03 

Chromium 

41.5 

27.3 

2.9E-05 

3.8E-06 

1.0E+00 

2.9E-05 

3.8E-06 

Copper 

2390 

1463 

1.7E-03 

2.0E-04 

3.7E-02 

4.5E-02 

5.5E-03 

I ron 

70800 

46950 

5.0E-02 

6.6E-03 

NA 

(6) 

Lead 

923 

634 

6.5E-04 

8.9E-05 

NA 

Mercury 

3 

1.9 

2. IE-06 

2.7E-07 

2.0E-03 

1. IE-03 

1.3E-04 

Nickel 

10.7 

7.9 

7.5E-06 

1. IE-06 

2.0E-02 

3.7E-04 

5.5E-05 

Selenium 

0.71 

0.6 

5.0E-07 

8.4E-08 

3.0E-03 

1.7E-04 

2.8E-05 

Vanadium 

46 

29.5 

3.2E-05 

4. IE-06 

2.0E-02 

1.6E-03 

2. IE-04 

Zinc 

2110 

1136 

1.5E-03 

1.6E-04 

2. IE-01 

7.0E-03 

7.6E-04 

TOTAL  HI  = 1. IE-01  1.3E-02 


(1) .  Soil  concentrations  from  Table  3-17,  Pond  2. 

(2) .  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the  notation  1.5E-04  is  the 

value  0.00015. 

(3) .  Source:  Thomas,  1988. 

(4) .  Source:  EPA,  1986c. 

(5) .  Source:  EPA,  1989e;  EPA,  1989a. 

(6) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-4  for  intake  assumptions. 
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APPENDIX  A TABLE  6-14 
OCCUPATIONAL  SCENARIO 
INHALATION  OF  WIND-BLOWN  SEDIMENTS 


) 


POTENTIAL  CARCINOGENIC  EFFECTS 

Chronic  Daily  Intake  Inhalation  Upperbound  Excess 


Annua l 

(mg/kg/day)  (2) 

Potency 

Lifetime  Cancer  Risk 

Compounds 

Concentration  (ug/m3) 

Max i mum 

Average 

(mg/kg/day)- 

1 Maximum 

Average 

Arsenic 

0.0061 

2.3E-08 

(4)  9.0E-09 

(5) 

50 

IE-06 

5E-07 

Beryl l ium 

0.00001 

1.2E-10 

4.9E-11 

8.4 

IE-09 

4E-10 

Cadmium 

0.011 

1.4E-07 

5.4E-08 

6.1 

8E-07 

3E-07 

Chromium  (VI) 

0.00062 

7.6E-09 

3. IE-09 

41 

3E-07 

IE-07 

Nickel 

0.0002 

2.5E-09 

9.8E-10 

0.84 

2E-09 

8E-10 

TOTAL  RISK 

= 2E-06 

9E-07 

NON -CARCINOGENIC 

EFFECTS 

Dai  ly 

Intake 

Inhalation 

CDI  :RfD  or 

CD  I : A I C 

24-Hr 

(mg/kg/day)  (2) 

Inhalation 

Reference 

Estimated  Dust  (1 ) 

AIC  (6) 

Dose  (3) 

Maximum 

Most 

Compounds 

Concentration  (ug/m3) 

Maximum 

Average 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

Aluminum 

0.532 

3.9E-05 

1.3E-05 

NA 

(7) 

Copper 

0.092 

6.8E-06 

2.3E-06 

1.0E-02 

6.8E-04 

2.3E-04 

I ron 

3.55 

2.6E-04 

8.7E-05 

8.6E-03 

3.0E-02 

1.0E-02 

Lead 

0.044 

3.2E-06 

1. IE-06 

4.3E-04 

7.6E-03 

2.5E-03 

Magnes i urn 

0.384 

2.8E-05 

9.4E-06 

NA 

Manganese 

0.808 

6.0E-05 

2.0E-05 

3.0E-04 

2.0E-01 

6.6E-02 

Mercury 

0.00008 

5.9E-09 

2.0E-09 

5. IE-05 

1.2E-04 

3.9E-05 

Vanadium 

0.002 

1.4E-07 

4.8E-08 

NA 

Zinc 

0.144 

1. IE-05 

3.5E-06 

1.0E-02 

1. IE-03 

3.5E-04 

TOTAL  HI  = 0.24  0.08 


(1) .  Modeled  dust  concentrations  at  the  Wildlife  Ponds.  Particulate  emissions  estimated  at  212  ug/m3. 

Annual  average  concentrations  obtained  from  Appendix  A Table  4-9  under  the  Wildlife  Ponds  heading. 

(2) .  Maximum  CDI  uses  maximum  plausible  intake  value,  average  CDI  uses  most  probable  intake  value. 

Intake  considers  the  24.6%  respirable  fraction  out  of  the  total  entrained.  Values  are  multiplied 
by  0.246  to  account  for  it. 

(3) .  Source:  EPA,  1989e;  EPA,  1989a. 

(4) .  Value  assumes  only  a 30%  absorption,  all  other  inorganics  assume  100%. 

(5) .  Scientific  notation  is  used  for  ease  in  reading  small  values  (numbers  with  more  than  four  decimal  places). 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(6) .  Source:  EPA  1986c. 

(7) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-4  for  maximum  plausible  and  most  probable  intake  assumptions. 
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APPENDIX  A TABLE  6-15 
OCCUPATIONAL  SCENARIO 

INGESTION  AS  A RESULT  OF  INHALATION  OF  UIND-BLOUN  SEDIMENTS 


POTENTIAL  CARCINOGENIC  EFFECTS 


Chronic  Daily  Intake  Oral  Upperbound  Excess 


Annual  (mg/kg/day)  (2)  Potency  Lifetime  Cancer  Risk 

Estimated  Dust  (1)  Factor  


Compounds 

Concentration  (ug/m3) 

Max i mum 

Average 

(mg/kg/day)- 

1 Maximum 

Average 

Arsenic 

0.0061 

2.6E-07  (3)  1.2E-07 

1.5  (4)  4E-07 

TOTAL  RISK  = 4E-07 

2E-07 

2E-07 

NON -CARCINOGENIC 

EFFECTS 

Daily  Intake 

Oral 

CDI  :RfD  or 

CDI : AIC 

24-Hr 

(mg/kg/day)  (2) 

Oral 

Reference 

Estimated  Dust  (1) 

AIC  (5) 

Dose  (6) 

Maximum 

Most 

Compounds 

Concentration  (ug/m3) 

Maximum 

Average 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

Aluminum 

0.532 

1.3E-04 

6.0E-05 

NA 

(7) 

Beryl l ium 

0.00004 

9.6E-09 

4.5E-09 

5.0E-03 

1.9E-06 

9.0E-07 

Cadmium 

0.044 

1. IE-05 

4.9E-06 

5.0E-04 

2. IE-02 

9.9E-03 

Chromium 

0.0025 

6.0E-07 

2.8E-07 

1.0E+00 

6.0E-07 

2.8E-07 

Copper 

0.092 

2.2E-05 

1.0E-05 

4.0E-02 

5.5E-04 

2.6E-04 

I ron 

3.55 

8.5E-04 

4.0E-04 

NA 

Lead 

0.044 

1. IE-05 

4.9E-06 

NA 

Magnesium 

0.384 

9.2E-05 

4.3E-05 

NA 

Manganese 

0.808 

1.9E-04 

9. IE-05 

2.0E-01 

9.7E-04 

4.5E-04 

Mercury 

0.00008 

1.9E-08 

9.0E-09 

2.0E-03 

9.6E-06 

4.5E-06 

Nickel 

0.0008 

1.9E-07 

9.0E-08 

2.0E-02 

9.6E-06 

4.5E-06 

Vanadium 

0.002 

4.7E-07 

2.2E-07 

2.0E-02 

2.4E-05 

1. IE-05 

Zinc 

0.144 

3.5E-05 

1.6E-05 

2. IE-01 

1.6E-04 

7.7E-05 

TOTAL  HI  = 0.023  0.011 


(1) .  Modeled  dust  concentrations  at  the  Wildlife  Ponds.  Particulate  emissions  estimated  at  212  ug/m3. 

Annual  average  concentrations  obtained  from  Appendix  A Table  4-9  under  Wildlife  Ponds  heading. 

(Wildlife  Ponds  column) 

(2) .  Maximum  CDI  uses  maximum  plausible  intake  value,  average  CDI  uses  most  probable  intake  value. 

Dust  concentrations  are  multiplied  by  0.75  to  account  for  the  nonrespi rable  fraction. 

(3) .  Scientific  notation  is  used  for  ease  in  reading  small  values  (numbers  with  more  than  four  decimal  places). 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(4) .  Source:  Thomas,  1983. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-4  for  maximum  plausible  and  most  probable  intake  assumptions. 
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Total  Occupational  Risk.  The  maximum  total  carcinogenic 
risks  associated  with  maximum  plausible  intakes  through 
occupational  exposure  (through  all  exposure  pathways)  within 
the  site  are  2 x 10-4,  driven  by  ingestion  of  contaminated 
sediments . 

Residential 


Air.  Residents  of  the  town  of  Warm  Springs  could  be 
influenced  by  emissions  originating  from  the  pond  system. 
Risks  were  determined  using  modeled  concentrations  of 
compounds  in  dust  from  source  areas  within  the  pond  system 
and  using  actual  dust  measurements  taken  from  Warm  Springs 
in  1983  (ICF,  1984) . Risks  are  presented  on  Tables  6-16  and 
6-17  . 

Using  modeled  compound  concentrations  from  dust  originating 
from  the  pond  system,  excess  lifetime  cancer  risks  from 
inhalation  for  residents  in  the  town  of  Warm  Springs  (using 
stated  assumptions)  is  6 x 10-6.  Arsenic  and  cadmium 
contribute  equally  to  the  total  risk.  Intake  of  compounds 
which  exhibit  noncarcinogenic  effects  do  not  exceed 
acceptable  intakes  (RfDs  or  AICs)  for  any  age  group.  The  HI 
for  all  age  groups  is  below  one.  (The  age  groups  shown  on 
Table  6-16  are  adult  and  child  only.  The  adolescent  and 
older  child  have  approximately  the  same  CDI  as  the  adult, 
therefore,  all  values  are  the  same  as  the  adult.) 

Risks  were  also  estimated  using  the  data  obtained  in  1983 
from  24-hour  samples  taken  at  Warm  Springs.  These  risks  are 
presented  on  Table  6-17.  Risks  for  arsenic  are  of  the  same 
order  of  magnitude  as  those  using  modeled  concentrations 
from  dust  from  the  pond  system  (10-6)  and  total  risk, 

9 x lO-6,  is  roughly  equivalent  that  obtained  using  modeled 
concentrations . 

Exposure  to  dust  originating  from  the  ponds  to  residents 
east  of  the  ponds  could  result  in  an  excess  lifetime 
carcinogenic  risk  of  about  10-6.  Three  east-side  residences 
were  used  as  receptor  locations  in  the  model  resulting  in 
risks  all  in  the  10-6  range.  Both  arsenic  and  cadmium 
contribute  equally  to  the  total  risk,  as  shown  on  Table  6- 
18.  Risk  could  also  be  zero  for  east  side  receptors.  Winds 
out  of  the  west  blowing  toward  the  east  are  not  common  and 
the  modeled  dust  concentrations  do  not  consider  wind 
direction,  duration  or  topography.  The  residences  east  of 
the  ponds  are  located  on  a cliff  above  the  ponds.  The  model 
used  to  estimate  the  dust  concentration  did  not  account  for 
this  abrupt  topographic  change,  which  would  alter  wind 
pattern,  air  flow,  and  dust  dispersion. 
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APPENDIX  A TABLE  6-16 
CURRENT  RESIDENTIAL  SCENARIO 
INHALATION  OF  WIND-BLOWN  SEDIMENTS  AT  WARM  SPRINGS  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 


Locat i on/Compound 

Annua l 

Estimated  Dust 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
Potency 
Factor  (3) 
(mg/kg/day)- 1 

Upperbound  Excess 
Lifetime  Cancer  R 

Arsenic 

0.005 

6.3E-08 

(4,5) 

50 

3E-06 

Beryl l ium 

0.00001  . 

4.2E-10 

8.4 

4E-09 

Cadmium 

0.01 

4.2E-07 

6.1 

3E-06 

Chromium  (VI ) 

0.00041 

1.7E-08 

41 

7E-07 

Nickel 

0.00011 

4.6E-09 

0.84 

4E-09 

TOTAL  RISK  = 

6E-06 

NONCARCINOGEN  I C EFFECTS 


Compound 

24-Hr 

Estimated  Dust 
Concentration  (ug/m3) 

Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
AIC  (6) 
(mg/kg/day) 

Inhalation 
Reference 
Dose  (3) 
(mg/kg/day) 

CD I :RfD  or  CDI:AIC 

Adult 

Child  (7) 

Adult 

Child 

lRM  SPRINGS  POND 

Aluminum 

0.51 

3.8E-05 

4.5E-05 

NA  (8) 

Copper 

0.096 

7. IE-06 

8.5E-06 

1.0E-02 

7. IE-04 

8.5E-04 

I ron 

2.76 

2.0E-04 

2.4E-04 

8.6E-03 

2.4E-02 

2.8E-02 

Lead 

0.037 

2.7E-06 

3.3E-06 

4.3E-04 

6.4E-03 

7.6E-03 

Magnesium 

0.43 

3.2E-05 

3.8E-05 

NA 

Manganese 

0.37 

2.7E-05 

3.3E-05 

3.0E-04 

9.2E-02 

1. IE-01 

Mercury 

0.0001 

7.4E-09 

8.9E-09 

5. IE-05 

1.4E-04 

1.7E-04 

Vanadium 

0.0017 

1.3E-07 

1.5E-07 

NA 

Z i nc 

0.084 

6.2E-06 

7.4E-06 

1.0E-02 

6.2E-04 

7.4E-04 

TOTAL  HI  = 0.12  0.15 


(1) .  Windblown  sediments  from  all  source  areas  within  the  ponds.  Particulate 

emissions  at  Warm  Springs  Pond  of  131  ug/m3. 

(2) .  Only  one  intake  value  per  age  group  was  developed.  CDI  includes  the  portion  of  entrainable  dust  that  is 

respirable  (24.6%). 

(3) .  Source:  EPA,  1989e;  EPA,  1989a. 

(4) .  Value  assumes  a 30%  absorption  in  the  lungs,  all  other  organics  assume  100%. 

(5) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(6) .  Source:  EPA,  1986c. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-5  for  intake  assumptions. 
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APPENDIX  A TABLE  6-17 
CURRENT  RESIDENTIAL  SCENARIO 
INHALATION  OF  WIND-BLOWN  SEDIMENTS  AT  WARM  SPRINGS  (1) 


POTENTIAL  CARCINOGENIC 
Locat i on/Compound 

EFFECTS 

1983  Measured  Dust 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
Potency 
Factor  (5) 
(mg/kg/day) -1 

Upper bound  Excess 
Lifetime  Cancer  Risk 

Arsenic 

0.011 

1.4E-07  (3,4) 

50 

7E-06 

Cadmium 

0.008 

3.3E-07 

6.1 

2E-06 

TOTAL  RISK  = 

9E-06 

NONCARCINOGENIC  EFFECTS 


L oc a t i on/ C ompound 

1983  Measured  Dust 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
AIC  (6) 
(mg/kg/day) 

Inhalation 
Reference 
Dose  (5) 
(mg/kg/day) 

CDI :RfD  or  CDI:AIC 

Adult 

Child  (7) 

Adult 

Chi  Id 

Copper 

0.11 

8. IE-06 

9.7E-06 

1.0E-02 

8. IE-04 

9.7E-04 

Lead 

0.02 

1.5E-06 

1.8E-06 

4.3E-04 

3.4E-03 

4. IE-03 

Zinc 

0.07 

5.2E-06 

6.2E-06 

1.0E-02 

5.2E-04 

6.2E-04 

TOTAL  HI  = 0.0048  0.0057 


(1) .  Acutal  dust  concentrations  measured  in  Warm  Springs  by  AMC  in  1983.  Particulate  emissions  of  20  ug/m3  were 

measured  in  24-hour  samples  (ICF,  1984). 

(2) .  CDI  includes  the  percentage  of  entrained  dust  that  is  respirable  24.6%  as  estimated  from  site  samples. 

(3) .  Value  assumes  a 30%  absorption,  all  others  assume  100%. 

(4) .  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the  notation 

1.5E-04  is  the  value  0.00015. 

(5) .  Source:  EPA,  1989e;  EPA,  1989a. 

(6) .  Source:  EPA,  1986c. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  is  the  only  age  group  that  differs  in  intake  from  adults. 
NOTE:  See  Appendix  A Table  4-5  for  intake  assumptions. 
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APPENDIX  A TABLE  6-18 
CURRENT  RESIDENTIAL  SCENARIO 


POTENTIAL  CARCINOGENIC 
Locat i on/Compound 

INHALATION  OF  UIND-BLOUN  SEDIMENTS  AT  RESIDENCES  EAST  OF 
EFFECTS 

Annua l 

Estimated  Dust  (1)  Chronic  Daily  Intake 

Concentration  (ug/m3)  (mg/kg/day)  (2) 

THE  PONDS 

Inhalation 
Potency 
Factor  (3) 
(mg/kg/day)- 1 

Upperbound  Excess 
Lifetime  Cancer  Risk 

RESIDENCE  1 

Arsenic 

0.002  (4) 

2.5E-08  (5) 

50 

IE-06 

Beryllium 

0.00001 

4.2E-10 

8.4 

4E-09 

Cadmium 

0.0057 

2.4E-07 

6.1 

IE-06 

Chromium  (VI) 

0.0003 

1.3E-08 

41 

5E-07 

Nickel 

0.00011 

4.6E-09 

0.84 

4E-09 

TOTAL  RISK  = 

3E-06 

RESIDENCE  2 

Arsenic 

0.004 

5.0E-08 

50 

3E-06 

Beryl l iun 

0.00001 

4.2E-10 

8.4 

4E-09 

Cadmiun 

0.0083 

3.5E-07 

6.1 

2E-06 

Chromium  (VI) 

0.0005 

2. IE-08 

41 

9E-07 

Nickel 

0.0002 

8.4E-09 

0.84 

7E-09 

TOTAL  RISK  = 

5E-06 

RESIDENCE  3 
Arsenic 

0.005 

6.3E-08 

50 

3E-06 

Beryl l ium 

0.00001 

4.2E-10 

8.4 

4E-09 

Cadmium 

0.011 

4.6E-07 

6.1 

3E-06 

Chromium  (VI) 

0.0006 

2.5E-08 

41 

IE-06 

Nickel 

0.00018 

7.5E-09 

0.84 

6E-09 

TOTAL  RISK  = 

7E-06 

NON-CARCINOGENIC  EFFECTS 

24-Hr 

Estimated  Dust  (1 ) 

Location/Compound  Concentration  (ug/m3) 

Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
AIC  (6) 
(mg/kg/day) 

Inhalation 
Reference 
Dose  (3) 
(mg/kg/day) 

CDI :RfD  or 

CDI : AIC 

Adult 

Child  (7) 

Adult 

Child 

RESIDENCE  1 

Aluminum 

0.24 

1.8E-05 

2.3E-05 

NA 

(8) 

Copper 

0.096 

7. IE-06 

9. IE-06 

1.0E-02 

7. IE-04 

9. IE-04 

I ron 

1.74 

1.3E-04 

1.6E-04 

8.6E-03 

1.5E-02 

1.9E-02 

Lead 

0.014 

1.0E-06 

1.3E-06 

4.3E-04 

2.4E-03 

3. IE-03 

Magnesium 

0.15 

1. IE-05 

1.4E-05 

NA 

Manganese 

0.35 

2.6E-05 

3.3E-05 

3.0E-04 

8.6E-02 

1. IE-01 

Mercury 

0.00004 

3.0E-09 

3.8E-09 

5. IE-05 

5.8E-05 

7.5E-05 

Vanadium 

0.00072 

5.3E-08 

6.8E-08 

NA 

Zinc 

0.108 

8.0E-06 

1.0E-05 

1.0E-02 

8.0E-04 

1.0E-03 

TOTAL  HI 

0.10 

0.13 
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APPENDIX  A TABLE  6-18,  Continued. 


ON-CARCINOGENIC  EFFECTS 

24-Hr 

Estimated  Dust  (1 ) 

Location/ Compound  Concentration  (ug/m3) 

Daily  Intake 
(mg/kg/day)  (2) 

Adult  Child  (7) 

Inhalation 
AIC  (6) 
(mg/kg/day) 

Inhalation 
Reference 
Dose  (3) 
(mg/kg/day) 

ESIDENCE  2 

Aluminun 

0.38 

2.8E-05 

3.6E-05 

NA 

(8) 

Copper 

0.064 

4.7E-06 

6. IE-06 

1.0E-02 

I ron 

2.59 

1.9E-04 

2.5E-04 

8.6E-03 

Lead 

0.03 

2.2E-06 

2.9E-06 

4.3E-04 

Magnesium 

0.26 

1.9E-05 

2.5E-05 

NA 

Manganese 

0.58 

4.3E-05 

5.5E-05 

3.0E-04 

Mercury 

0.00005 

3.7E-09 

4.8E-09 

5. IE-05 

Vanadium 

0.0014 

1.0E-07 

1.3E-07 

NA 

Zinc 

0.11 

8. IE-06 

1.0E-05 

1.0E-02 

TOTAL  HI 


RESIDENCE  3 


Aluminum 

0.48 

3.5E-05 

4.6E-05 

NA 

Copper 

0.11 

8.3E-06 

1. IE-05 

1.0E-02 

I ron 

3.17 

2.3E-04 

3.0E-04 

8.6E-03 

Lead 

0.038 

2.8E-06 

3.6E-06 

4.3E-04 

Magnes i cm 

0.34 

2.5E-05 

3.2E-05 

NA 

Manganese 

0.66 

4.8E-05 

6.2E-05 

Mercury 

0.00006 

4.4E-09 

5.7E-09 

5. IE-05 

Vanadium 

0.0014 

1.0E-07 

1.3E-07 

NA 

Zinc 

0.108 

8.0E-06 

1.0E-05 

1.0E-02 

TOTAL  HI 


CDI  :RfD 

or  CDI : AIC 

Adult 

Child 

4.7E-04 
2.2E-02 
5. IE-03 

6. IE-04 
2.9E-02 
6.6E-03 

1.4E-01 

7.2E-05 

1.8E-01 

9.3E-05 

8. IE-04 

1.0E-03 

0.17 

0.22 

8.3E-04 

1. IE-03 

2.7E-02 

3.5E-02 

6.5E-03 

8.4E-03 

1.6E-01 

2. IE-01 

8.7E-05 

1. IE-04 

8.0E-04 

1.0E-03 

0.20 

0.25 

(1) .  Modeled  dust  concentrations  taken  from  Appendix  A Table  4-9,  Eastside  Residence  headings. 

(2) .  Only  one  intake  value  per  age  group  was  developed.  Only  the  youngest  age  group  differs  in  intake, 

all  other  age  groups  are  represented  by  the  adult  catagory.  Dust  concentrations  were  multiplied  by 
0.246  to  account  for  the  respirable  fraction. 

(3) .  Source:  EPA,  1989e;  EPA,  1989a. 

(4) .  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the  notation 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(5) .  Value  assumes  a 30%  absorption,  all  other  inorganics  assume  100%. 

(6) .  Source:  EPA,  1986c. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-5  for  intake  assumptions. 
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Inhalation  of  compounds  exhibiting  noncarcinogenic  effects 
did  not  exceed  the  AIC  or  RfD  for  individual  compounds,  nor 
did  the  HI  exceed  one  for  any  age  group.  However, 
inhalation  AICs  were  not  developed  for  short-term  exposures 
and  it  may  be  inappropriate  to  use  these  values  in 
comparison  to  childhood  intakes.  Use  of  these  chronic 
values  should  be  very  protective  of  health  for  short-term 
exposures  that  occur  in  the  various  age  groups. 

For  residents  of  Warm  Springs,  ingestion  of  inhaled  dusts 
could  result  in  an  excess  lifetime  cancer  risk  of  1 x lO"6. 
Risks  derived  by  using  air  modeled  concentrations  are  equal 
to  those  obtained  using  AMC  data.  Risk  to  residents  on  the 
east  side  of  the  ponds  is  estimated  at  between  10'7  and  10^ 
through  this  pathway.  These  risks  are  presented  on  Tables 
6-19,  6-20,  and  6-21.  Compounds  that  produce 
noncarcinogenic  effects  do  not  exceed  acceptable  intakes 
through  this  pathway. 

POTENTIAL  FUTURE  SCENARIOS 


Onsite  Residential 


Groundwater.  Potential  future  residential  use  of  the 
shallow  aquifer  under  Pond  1 as  a drinking  water  source 
could  result  in  an  excess  lifetime  cancer  risk  through 
ingestion  of  1 x 10'3  using  maximum  reported  or  average 
concentrations  of  arsenic.  Arsenic  is  the  only  compound 
reported  that  is  carcinogenic  through  ingestion.  These 
risks  are  presented  on  Table  6-22. 

Intake  of  manganese  exceeds  its  oral  RfD  for  all  age  groups. 
No  other  noncarcinogenic  compound  exceeds  an  acceptable 
intake  (AIC  or  RfD) . A potential  noncarcinogenic  health 
risk  to  residents  could  occur  from  ingestion  of  manganese  in 
shallow  groundwater  at  the  site  using  assumption  of  this 
scenario . 

Sediment  (Soils).  Potential  future  residential  use  of  the 
pond  area  could  put  residents  in  contact  with  the 
contaminated  sediments  that  would  be  used  as  the  building 
substrate.  Incidental  ingestion  of  these  sediments  over  a 
lifetime  of  exposure  could  result  in  an  excess  lifetime 
cancer  risk  through  ingestion  of  2 x 10'3  using  maximum 
plausible  CDIs  or  3 x 10"4  using  the  most  probable  CDIs. 
Arsenic  is  the  only  compound  reported  that  is  carcinogenic 
through  ingestion.  These  risks  are  presented  on  Table  6-23. 

Noncarcinogenic  effects  from  ingestion  of  compounds  in  soils 
would  not  be  expected  to  be  exhibited  in  adults  as  estimated 
intakes  of  compounds  does  not  exceed  acceptable  intake 
values.  Intake  of  manganese  by  older  children  and  cadmium, 
copper,  manganese,  and  zinc  by  young  children  exceed 
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APPENDIX  A TABLE  6-19 
CURRENT  RESIDENTIAL  SCENARIO 

INGESTION  THROUGH  INHALATION  OF  WIND-BLOWN  SEDIMENTS  AT  WARM  SPRINGS 


POTENTIAL  CARCINOGENIC  EFFECTS 


Locat i on/Compound 


Annua l 

Estimated  Dust  (1)  Chronic  Daily  Intake  (2) 
Concentration  (ug/m3)  (mg/kg/day) 


Oral 

Potency 

Factor  (3)  Upperbound  Excess 
(mg/kg/day)- 1 Lifetime  Cancer  Risk 


Arsenic 


0.005 


6.4E-07  (4) 


1.5  IE-06 


TOTAL  RISK  = IE-06 


NONCARCINOGENIC  EFFECTS 


24- Hr 

Estimated  Dust 

Daily  Intake  (2) 
(mg/kg/day) 

Oral 
AIC  (5) 

Oral 

Reference 
Dose  (6) 

CDI  :RfD 

or  CD  I : A I C 

Compound 

Concentration  (ug/m3) 

Adult  Child  (7) 

(mg/kg/day) 

(mg/kg/day) 

Adult 

Chi  Id 

WARM  SPRINGS  POND 


Alumi num 

0.51 

1. IE-04 

1.4E-04 

NA 

(8) 

Beryl l ium 

0.00003 

6.8E-09 

8. IE-09 

5.0E-03 

1.4E-06 

1.6E-06 

Cadmium 

0.04 

9.0E-06 

1. IE-05 

5.0E-04 

1.8E-02 

2.2E-02 

Chromium 

0.0016 

3.7E-07 

4.4E-07 

1.0E+00 

3.7E-07 

4.4E-07 

Copper 

0.096 

2.2E-05 

2.6E-05 

4.0E-02 

5.4E-04 

6.5E-04 

I ron 

2.76 

6.2E-04 

7.4E-04 

NA 

Lead 

0.037 

8.3E-06 

1.0E-05 

NA 

Magnesium 

0.43 

9.6E-05 

1.2E-04 

NA 

Manganese 

0.37 

8.4E-05 

1.0E-04 

2.0E-01 

4.2E-04 

5.0E-04 

Mercury 

0.0001 

2.3E-08 

2.7E-08 

2.0E-03 

1. IE-05 

1.4E-05 

Nickel 

0.00046 

1.0E-07 

1.2E-07 

2.0E-02 

5.2E-06 

6.2E-06 

Vanadium 

0.0017 

3.9E-07 

4.6E-07 

2.0E-02 

1.9E-05 

2.3E-05 

Zinc 

0.084 

1.9E-05 

2.3E-05 

2. IE-01 

9.0E-05 

1. IE-04 

TOTAL  HI  = 

0.0011 

0.0013 

(1) .  Windblown  sediments  from  all  source  areas  within  the  ponds.  Particulate  concentrations 

at  Warm  Springs  Pond  of  131  ug/m3.  Values  taken  from  Appendix  A Table  4-9. 

(2) .  Only  one  intake  value  per  age  group  was  developed.  CDI  accounts  for  the  portion  of  entrainable  dust  that 

is  not  respirable,  but  after  inhaled,  is  swallowed  (75%). 

(3) .  Source:  Thomas  1988. 

(4) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e,  EPA,  1989a. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-5  for  intake  assumptions. 
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APPENDIX  A TABLE  6-20 
CURRENT  RESIDENTIAL  SCENARIO 

INGESTION  THROUGH  INHALATION  OF  UIND-BLOUN  SEDIMENTS  AT  WARM  SPRINGS  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 

1983  Measured  Dust  Chronic  Daily  Intake  (2) 

Location/Compound  Concentration  (ug/m3)  (mg/kg/day) 


Oral 

Potency 

Factor  (3)  Upperbound  Excess 
(mg/kg/day)- 1 Lifetime  Cancer  Risk 


Arsenic 


0.011 


1.4E-06  (4) 


1.5  2E-06 


TOTAL  RISK  = 


2E-06 


NONCARCINOGENIC  EFFECTS 


Locat i on/Compound 

1983  Measured  Dust 
Concentration  (ug/m3) 

Daily  Intake  (2) 
(mg/kg/day) 

Oral 
AIC  (5) 
(mg/kg/day) 

Oral 

Reference 
Dose  (6) 
(mg/kg/day) 

CDI :RfD  or  CDI:AIC 

Adult 

Child  (7) 

Adult 

Chi  Id 

Cadmi urn 

0.008 

1.8E-06 

2.2E-06 

5.0E-04 

3.6E-03 

4.3E-03 

Copper 

0.11 

2.5E-05 

3.0E-05 

3.7E-02 

6.7E-04 

8.0E-04 

Lead 

0.02 

4.5E-06 

5.4E-06 

NA 

(87) 

Zinc 

0.07 

1.6E-05 

1.9E-05 

2. IE-01 

7.5E-05 

9.0E-05 

TOTAL  HI  = 0.0043  0.0052 


(1) .  Actual  dust  concentrations  measured  in  Warm  Springs  by  AMC  in  1983.  Particulate  emissions  of  20  ug/m3, 

24-hour  samples  were  taken  (ICF,  1984). 

(2) .  CD  I includes  the  portion  of  entrainable  dust  that  is  not  respirable,  but  after  inhaled,  is  swallowed  (75%). 

(3) .  Source:  Thomas,  1988. 

(4) .  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the  notation 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Appendix  A Table  4-5  for  intake  assumptions. 
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APPENDIX  A TABLE  6-21 
CURRENT  RESIDENTIAL  SCENARIO 

INGESTION  AS  A RESULT  OF  INHALATION  OF  UIND-BLOUN  SEDIMENTS  AT  RESIDENCES  EAST  OF  THE  PONDS 


POTENTIAL  CARCINOGENIC 
Locat i on/Compound 

EFFECTS 

Annual 

Estimated  Dust  (1 ) 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Oral 
Potency 
Factor  (3) 
(mg/kg/day)- 1 

Upperbound  Excess 
Lifetime  Cancer  Risk 

RESIDENCE  1 
Arsenic 

RESIDENCE  2 
Arsenic 

RESIDENCE  3 
Arsenic 

0.002 

0.004 

0.005 

2.6E-07 
5. IE-07 

6.4E-07 

(4) 

1.5 

TOTAL  RISK  = 
1.5 

TOTAL  RISK  = 
1.5 

TOTAL  RISK  = 

4E-07 

4E-07 

8E-07 

8E-07 

IE-06 

IE-06 

NON-CARCINOGENIC  EFFECTS 

Dai ly  Intake  (2) 

Oral 

24-Hr 

(mg/kg/day) 

Oral 

Reference 

CDI-.RfD 

or  CD  I : A I C 

AIC  (5) 

Dose  (6) 

Locat i on/Compound 

Concentration  (ug/m3) 

Adult 

Child  (7) 

(mg/kg/day) 

(mg/kg/day) 

Adult 

Child 

RESIDENCE  1 

Aluminum 

0.24 

5.4E-05 

6.5E-05 

NA 

(8) 

Beryl l ium 

0.00002 

4.5E-09 

5.4E-09 

5.0E-03 

9.0E-07 

1. IE-06 

Cadmium 

0.0228 

5. IE-06 

6.2E-06 

5.0E-04 

1.0E-02 

1.2E-02 

Chromium 

0.001 

2.3E-07 

2.7E-07 

1.0E+00 

2.3E-07 

2.7E-07 

Copper 

0.096 

2.2E-05 

2.6E-05 

4.0E-02 

5.4E-04 

6.5E-04 

I ron 

1.74 

3.9E-04 

4.7E-04 

NA 

Lead 

0.014 

3.2E-06 

3.8E-06 

NA 

Magnesium 

0.15 

3.4E-05 

4. IE-05 

NA 

Manganese 

0.35 

7.8E-05 

9.4E-05 

2.0E-01 

3.9E-04 

4.7E-04 

Mercury 

0.00004 

9.0E-09 

1. IE-08 

2.0E-03 

4.5E-06 

5.4E-06 

Nickel 

0.00044 

9.9E-08 

1.2E-07 

2.0E-02 

5.0E-06 

5.9E-06 

Vanadium 

0.00072 

1.6E-07 

1.9E-07 

2.0E-02 

8. IE-06 

9.7E-06 

Zinc 

0.108 

2.4E-05 

2.9E-05 

2. IE-01 

1.2E-04 

1.4E-04 

TOTAL  HI  = 

0.011 

0.014 

RESIDENCE  2 

Aluminum 

0.38 

8.6E-05 

1.0E-04 

NA 

Beryl l ium 

0.00003 

6.8E-09 

8. IE-09 

5.0E-03 

1.4E-06 

1.6E-06 

Cadmium 

0.033 

7.5E-06 

9.0E-06 

5.0E-04 

1.5E-02 

1.8E-02 

Chromium 

0.012 

2.6E-06 

3. IE-06 

1.0E+00 

2.6E-06 

3. IE-06 

Copper 

0.064 

1.4E-05 

1.7E-05 

4.0E-02 

3.6E-04 

4.3E-04 

I ron 

2.59 

5.8E-04 

7.0E-04 

NA 

Lead 

0.03 

6.8E-06 

8. IE-06 

NA 
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NON -CARCINOGENIC  EFFECTS 

Estimated  Dust  (1 ) 

Location/Compound  Concentration  (ug/m3) 

Daily  Intake  (2) 
(mg/kg/day) 

Oral 
AIC  (5) 
(mg/kg/day) 

Oral 

Reference 
Dose  (6) 
(mg/kg/day) 

CDI  :RfD  or 

CD  I : A I C 

Adult 

Child  (7) 

Adult 

Chi  Id 

RESIDENCE  2 (Continued) 

Magnesium 

0.26 

5.9E-05 

7.0E-05 

NA 

Manganese 

0.58 

1.3E-04 

1.6E-04 

2.0E-01 

6.5E-04 

7.8E-04 

Mercury 

0.00005 

1. IE-08 

1.4E-08 

2.0E-03 

5.6E-06 

6.8E-06 

Nickel 

0.0006 

1.3E-07 

1.6E-07 

2.0E-02 

6.8E-06 

8. IE-06 

Vanadium 

0.0014 

3.2E-07 

3.8E-07 

2.0E-02 

1.6E-05 

1.9E-05 

Zinc 

0.11 

2.5E-05 

3.0E-05 

2. IE-01 

1.2E-04 

1.4E-04 

TOTAL  HI 

0.0012 

0.0014 

RESIDENCE  3 

Aluminum 

0.48 

1. IE-04 

1.3E-04 

NA 

Beryl lium 

0.00004 

9.0E-09 

1. IE-08 

5.0E-03 

1.8E-06 

2.2E-06 

Cadmium 

0.044 

9.9E-06 

1.2E-05 

5.0E-04 

2.0E-02 

2.4E-02 

Chromiun 

0.0022 

5.0E-07 

5.9E-07 

1.0E+00 

5.0E-07 

5.9E-07 

Copper 

0.11 

2.5E-05 

3.0E-05 

4.0E-02 

6.3E-04 

7.6E-04 

I ron 

3.17 

7. IE-04 

8.6E-04 

NA 

Lead 

0.038 

8.6E-06 

1.0E-05 

NA 

Magnes i urn 

0.34 

7.7E-05 

9.2E-05 

NA 

Manganese 

0.66 

1.5E-04 

1.8E-04 

2.0E-01 

7.4E-04 

8.9E-04 

Mercury 

0.00006 

1.4E-08 

1.6E-08 

2.0E-03 

6.8E-06 

8. IE-06 

Nickel 

0.00072 

1.6E-07 

1.9E-07 

2.0E-02 

8. IE-06 

9.7E-06 

Vanadium 

0.0014 

3.2E-07 

3.8E-07 

2.0E-02 

1.6E-05 

1.9E-05 

Zinc 

0.108 

2.4E-05 

2.9E-05 

2. IE-01 

1.2E-04 

1.4E-04 

TOTAL  HI 

0.002 

0.002 

(1) .  Modeled  dust  concentrations  from  all  sources  within  the  pond  system.  Particulate  emissions  at  eastside  residences 

of  87,  157,  and  191  ug/m3,  respectively.  Concentrations  taken  from  Appendix  A Table  4-9,  Eastside  Residences  heading 

(2) .  Only  one  intake  value  per  age  group  was  developed.  Only  the  youngest  age  group  differs  in  intake, 

all  other  age  groups  are  represented  by  the  adult  catagory.  Dust  concentrations  were  multiplied  by 
0.75  to  account  for  ingestion  of  the  nonrespirable  fraction. 

(3) .  Source:  Thomas  1988. 

(4) .  Scientific  notation  is  used  for  ease  in  reading  small  values.  For  example,  the  notation 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-5  for  intake  assumptions. 
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APPENDIX  A TABLE  6-22 

POTENTIAL  FUTURE  ONSITE  RESIDENTIAL  SCENARIO 
INGESTION  OF  SHALLOW  GROUNDWATER  (1) 


POTENTIAL  CARCINOGENIC  EFFECTS 


Chronic  Daily  Intake  (2) 
Concentration  (ug/l)  (mg/kg/day) 


Oral  Upperbound  Excess 

Potency  Lifetime  Cancer  Risk 

Factor  


Compound 

Maximum 

Average 

Maximum 

Average 

(mg/kg/day) -1 

Maximum 

Average 

Arsenic 

33 

23.5 

9.9E-04 

7. IE-04  (3) 

1.5  (4) 

IE-03 

IE-03 

TOTAL  RISK  = 

IE-03 

IE-03 

NON-CARCINOGENIC  EFFECTS 


Compound 

Concentration  (ug/l) 
Maximum  Average 

Oral 
AIC  (5) 
(mg/kg/day) 

Oral 

Reference 
Dose  (6) 
(mg/kg/day) 

ADULT 

Daily  Intake 
(mg/kg/day) 

CDI :RfD  or 

CDI  :AIC 

Aluminum 

244 

< 145 

(7)  NA  (8) 

7. IE-03 

4.2E-03 

Cadmium 

6 

(9) 

5.0E-04 

1.7E-04 

3.5E-01 

I ron 

29400 

14750 

NA 

8.5E-01 

4.3E-01 

Lead 

3.2 

2.2 

NA 

9.3E-05 

6.4E-05 

Magnesium 

75300 

58550 

NA 

2.2E+00 

1.7E+00 

Manganese 

18100 

14045 

0.2 

5.2E-01 

4. IE-01 

2.6E+00 

2.0E+00 

Zinc 

747 

499 

2. IE-01 

2.2E-02 

1.4E-02 

1.0E-01 

6.9E-02 

TOTAL  ADULT  HI 

3.1 

2.1 

ADOLESCENT 

OLDER  CHILD 

Daily  Intake 

(mg/kg/day)  CDI :RfD  or  CDI:AIC 

Daily  Intake 

(mg/kg/day)  CDI:RfD  or  CD I : A I C 

Compound 

Max i mum 

Average 

Max i mum 

Average 

Max i mum 

Average 

Maximum 

Average 

Aluminun 

8.5E-03 

5. IE-03 

8.3E-03 

4.9E-03 

Cadmium 

2. IE-04 

4.2E-01 

2.0E-04 

4. IE-01 

I ron 

1.0E+00 

5.2E-01 

1.0E+00 

5.0E-01 

Lead 

1. IE-04 

7.7E-05 

1. IE-04 

7.5E-05 

Magnesium 

2.6E+00 

2.0E+00 

2.6E+00 

2.0E+00 

Manganese 

6.3E-01 

4.9E-01 

3.2E+00 

2.5E+00 

6.2E-01 

4.8E-01 

3.1E+00 

2.4E+00 

Zinc 

2.6E-02 

1.7E-02 

1.2E-01 

8.3E-02 

2.5E-02 

1.7E-02 

1.2E-01 

8. IE-02 

TOTAL 

ADOLESCENT  HI 

3.7 

2.5 

TOTAL  OLDER  CHILD  HI  = 

3.6 

2.5 
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APPENDIX  A TABLE  6-22,  CONTINUED. 


CHILD 


Daily  Intake 

(mg/kg/day)  CD  I :RfD  or  CDI:AIC 


Compound 

Maximum 

Average 

Maximum 

Average 

Aluminum 

1.7E-02 

1.0E-02 

Cadmium 

4.2E-04 

8.4E-01 

I ron 

2.1E+00 

1.0E+00 

Lead 

2.2E-04 

1.5E-04 

Magnesium 

5.3E+00 

4.1E+00 

Manganese 

1.3E+00 

9.8E-01 

6.3E+00 

4.9E+00 

Zinc 

5.2E-02 

3.5E-02 

2.5E-01 

1.7E-01 

TOTAL  CHILD  HI  7.4  5.1 


(1) .  Data  from  shallow  aquifer  within  Pond  1 (data  presented  on  Table  3-4).  All  concentrations  are  dissolved, 

except  aluminum.  Compounds  included  in  this  table  are  those  for  which  data  are  available. 

(2) .  Maximum  and  average  CDI  is  based  on  the  use  of  maximun  and  average  concentrations  as  only  one  intake 

was  derived  for  this  scenario. 

(3) .  Scientific  notation  used  for  ease  in  reading  small  values.  For  example, 

the  notation  1.5E-04  is  the  value  0.00015. 

(4) .  Source:  Thomas,  1988. 

(5) .  Source:  EPA,  1986c.  AIC's  are  not  derived  for  short-term  exposure  such  as  those 

for  children  over  a period  of  years,  however,  they  are  protective  of  health. 

(6) .  Source:  EPA,  1989e. 

(7) .  A < sign  in  front  of  the  average  indicates  that  1/2  DL  was  used  in  the  calculation. 

(8) .  NA  indicates  value  is  not  available. 

(9) .  No  average  calculated  as  only  one  value  was  greater  than  the  DL. 

NOTE:  See  Table  4-6  for  intake  assumptions. 
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APPENDIX  A TABLE  6-23 

POTENTIAL  FUTURE  ONSITE  RESIDENTIAL  SCENARIO 
INGESTION  OF  SOILS 


POTENTIAL  CARCINOGENIC  EFFECTS 

Concentration  (mg/kg) 


Chronic  Daily  Intake 
(mg/kg/day) 


Max i mum 

Most 

Compound 

Maximum 

Average 

Plausible 

Probable 

Oral  Upperbound  Excess 

Potency  Lifetime  Cancer  Risk 

Factor  

(mg/kg/day)- 1 Maximum  Average 


Arsenic 


474 


276  1.4E-03  1.9E-04  (2) 


1.5  (3)  2E-03  3E-04 


TOTAL  RISK  = 2E-03  3E-04 


NON -CARCINOGENIC 

EFFECTS 

ADULT 

Dai  ly 

Intake 

Oral 

(mg/kg/day) 

CD  I :RfD  or 

CD  I :AIC 

Concentration  (mg/kg) 

Oral 

Reference 

AIC  (4) 

Dose  (5) 

Max i mum 

Most 

Maximum 

Most 

Compound 

Maximum 

Average 

(mg/kg/day) 

(mg/kg/day) 

Plausible 

Probable 

Plausible 

Probable 

Aluminum 

7410 

5427 

NA  (6) 

1. IE-02 

3.8E-03 

Barium 

217 

161 

5.0E-02 

3. IE-04 

1. IE-04 

6.2E-03 

2.3E-03 

Beryl l ium 

0.9 

0.5 

5.0E-03 

1.3E-06 

3.5E-07 

2.6E-04 

7.0E-05 

Cadmium 

3.8 

1.5 

5.0E-05 

5.4E-06 

1. IE-06 

1. IE-01 

2. IE-02 

Chromium  (total)(7)  73.8 

29.7 

1.0E+00 

1. IE-04 

2. IE-05 

1. IE-04 

2. IE-05 

Cobalt 

5 

2 

NA 

7.2E-06 

1.4E-06 

Copper 

1920 

795 

3.7E-02 

2.7E-03 

5.6E-04 

7.4E-02 

1.5E-02 

I ron 

63600 

40481 

NA 

9. IE-02 

2.8E-02 

Lead 

1000 

467 

NA 

1.4E-03 

3.3E-04 

Magnesium 

14300 

3629 

NA 

2.0E-02 

2.5E-03 

Manganese 

70100 

10468 

2.0E-01 

1.0E-01 

7.3E-03 

5.0E-01 

3.7E-02 

Mercury 

2 

0.7 

2.0E-03 

2.9E-06 

4.9E-07 

1.4E-03 

2.5E-04 

Nickel 

29 

9.6 

2.0E-02 

4. IE-05 

6.7E-06 

2. IE-03 

3.4E-04 

Selenium 

1.6 

0.8 

3.0E-03 

2.3E-06 

5.6E-07 

7.6E-04 

1.9E-04 

Si Iver 

11.2 

7 

NA 

1.6E-05 

4.9E-06 

Vanadium 

34 

22 

2.0E-02 

4.9E-05 

1.5E-05 

2.4E-03 

7.7E-04 

Zinc 

8540 

1626 

2. IE-01 

1.2E-02 

1. IE-03 

5.8E-02 

5.4E-03 

TOTAL  ADULT  HI  = 


0.8 


0.08 


(1) .  Data  from  Pond  1 bottom  samples  data  presented  on  Table  3-17  under  Pond  1 heading. 

Compounds  included  in  this  table  are  those  for  which  data  are  available. 

(2) .  Scientific  notation  used  for  ease  in  reading  small  values.  For  example, 

the  notation  1.5E-04  is  the  value  0.00015. 

(3) .  Source:  Thomas,  1988. 

(4) .  Source:  EPA,  1986c.  AIC's  are  not  derived  for  short-term  exposure  such  as  those 

for  children  over  a period  of  years,  however,  they  are  protective  of  health. 

(5) .  Source:  EPA,  1989e. 

(6) .  NA  indicates  value  is  not  available. 

(7) .  Chromium  assumed  to  be  total  for  this  evaluation. 

NOTE:  See  Table  4-6  for  intake  assumptions. 
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ADOLESCENT  OLDER  CHILD 


Daily  Intake 

Daily  Intake 

(mg/kg/day) 

CDI :RfD  or  CDI:AIC 

(mg/kg/day) 

CD I :RfD  or  CDI:AIC 

Maximum  Most 

Maximum  Most 

Maximur)  Most 

Maximum  Most 

Compound 

Plausible 

Probable 

Plausible 

Probable 

Plausible 

Probable 

Plausible 

Probable 

Alumi num 

1.8E-02 

4.8E-03 

8.4E-02 

9.3E-03 

Barium 

5.3E-04 

1.4E-04 

1. IE-02 

2.8E-03 

2.5E-03 

2.8E-04 

4.9E-02 

5.5E-03 

Beryl l ium 

2.2E-06 

4.4E-07 

4.4E-04 

8.8E-05 

1.0E-05 

8.6E-07 

2.0E-03 

1.7E-04 

Cadmi urn 

9.3E-06 

1.3E-06 

1.9E-01 

2.6E-02 

4.3E-05 

2.6E-06 

8.6E-01 

5.2E-02 

Chromium  (total) 

1.8E-04 

2.6E-05 

1.8E-04 

2.6E-05 

8.4E-04 

5. IE-05 

8.4E-04 

5. IE-05 

Cobalt 

1.2E-05 

1.8E-06 

5.7E-05 

3.4E-06 

Copper 

4.7E-03 

7.0E-04 

1.3E-01 

1.9E-02 

2.2E-02 

1.4E-03 

5.9E-01 

3.7E-02 

I ron 

1.6E-01 

3.6E-02 

7.2E-01 

7.0E-02 

Lead 

2.5E-03 

4. IE-04 

1. IE-02 

8.0E-04 

Magnesium 

3.5E-02 

3.2E-03 

1.6E-01 

6.2E-03 

Manganese 

1.7E-01 

9.2E-03 

8.6E-01 

4.6E-02 

8.0E-01 

1.8E-02 

4.0E+00 

9.0E-02 

Mercury 

4.9E-06 

6.2E-07 

2.5E-03 

3. IE-04 

2.3E-05 

1.2E-06 

1. IE-02 

6.0E-04 

Nickel 

7. IE-05 

8.4E-06 

3.6E-03 

4.2E-04 

3.3E-04 

1.7E-05 

1.7E-02 

8.3E-04 

Selenium 

3.9E-06 

7.0E-07 

1.3E-03 

2.3E-04 

1.8E-05 

1.4E-06 

6. IE-03 

4.6E-04 

Si Iver 

2.8E-05 

6.2E-06 

1.3E-04 

1.2E-05 

Vanadiun 

8.4F-05 

1.9E-05 

4.2E-03 

9.7E-04 

3.9E-04 

3.8E-05 

1.9E-02 

1.9E-03 

Zinc 

2. IE-02 

1.4E-03 

1.0E-01 

6.8E-03 

9.7E-02 

2.8E-03 

4.6E-01 

1.3E-02 

TOTAL 

ADOLESCENT  HI 

= 1.3 

0.03 

TOTAL  OLDER  CHILD  HI 

= 6.0 

0.2 

CHILD 


Daily  Intake 
(mg/kg/day) 

CDI  :RfD  or 

CDI  :AIC 

Maximum  Most 

Maximum 

Most 

Compound 

Plausible 

Probable 

Plausible 

Probable 

Aluminum 

3. IE-01 

3.9E-02 

Barium 

9. IE-03 

1. IE-03 

1.8E-01 

2.3E-02 

Beryl l ium 

3.8E-05 

3.6E-06 

7.6E-03 

7. IE-04 

Cadnium 

1.6E-04 

1. IE-05 

3.2E+00 

2. IE-01 

Chromium  (total) 

3. IE-03 

2. IE-04 

3. IE-03 

2. IE-04 

Cobalt 

2. IE-04 

1.4E-05 

Copper 

8. IE-02 

5.7E-03 

2.2E+00 

1.5E-01 

I ron 

2.7E+00 

2.9E-01 

Lead 

4.2E-02 

3.3E-03 

Magnes i urn 

6.0E-01 

2.6E-02 

Manganese 

3.0E+00 

7.5E-02 

1.5E+01 

3.7E-01 

Mercury 

8.4E-05 

5.0E-06 

4.2E-02 

2.5E-03 

Nickel 

1.2E-03 

6.9E-05 

6. IE-02 

3.4E-03 

Selenium 

6.7E-05 

5.7E-06 

2.2E-02 

1.9E-03 

Si Iver 

4.7E-04 

5.0E-05 

Vanadium 

1.4E-03 

1.6E-04 

7.2E-02 

7.9E-03 

Zinc 

3.6E-01 

1.2E-02 

1.7E+00 

5.5E-02 

TOTAL  CHILD  HI  22.1 


0.8 


NOTE:  See  Table  4-6  for  intake  assumptions. 


acceptable  values  when  using  the  maximum  plausible  exposure. 
Acceptable  intakes  are  not  exceeded  by  any  individual 
compound  for  any  age  group  using  the  most  probable  exposure 
case,  nor  does  the  HI  exceed  one.  Several  compounds 
detected  in  Pond  1 sediments  that  exhibit  noncarcinogenic 
effects  (i.e.,  lead)  do  not  have  acceptable  intakes  with 
which  to  compare  estimated  intakes  from  stated  assumptions 
of  the  residential  scenario. 

Air.  Residents  living  on  Pond  1 could  be  exposed  to 
emissions  from  both  the  sediments  used  as  substrate  for 
their  homes  and  the  exposed  sediments  within  the  ponds. 

Risk  were  determined  for  potential  future  residents  using 
the  entire  pond  system  as  an  emission  source. 

Inhalation  of  dusts  by  potential  future  residents  living 
within  the  Pond  1 (using  conservative  assumption  of  dust 
duration)  could  result  in  an  excess  lifetime  carcinogenic 
risk  of  1 x 10'5.  Arsenic,  cadmium,  and  chromium  contribute 
equally  to  the  total  risk,  if  chromium  is  assumed  to  be  the 
hexavalent  form. 

Intake  of  compounds  which  exhibit  noncarcinogenic  effects 
through  inhalation  do  not  exceed  acceptable  intakes  (RfDs  or 
AICs)  for  any  age  group.  The  HI  for  all  age  groups  is  below 
one.  (The  age  groups  shown  on  Table  6-24  are  adult  and  child 
only.  The  adolescent  and  older  child  have  the  same  CDI  as 
the  adult,  therefore,  all  values  are  the  same  as  the  adult.) 

Ingestion  of  dusts  as  a result  of  inhalation  could  result  in 
a 1 x 10-6  risk  from  the  arsenic  present  in  the  dust.  Table 
6-25  presents  the  results  of  this  pathway. 

Total  Potential  Future  On-site  Residential  Risk.  The  total 
carcinogenic  risk  associated  with  intakes  through 
residential  exposure  (through  all  exposure  pathways)  on  Pond 
1 are  3 x 10'3,  driven  by  ingestion  of  groundwater  in  the 
shallow  aquifer  and  ingestion  of  sediments  used  as 
substrate.  A potential  health  risk  from  noncarcinogenic 
compounds  is  present  through  the  soil  ingestion  pathway  for 
childhood  age  groups. 

Downstream  Residential 


Quantification  of  risk  was  not  done  for  the  potential 
downstream  residential  development.  Catastrophic  events 
could  release  large  volumes  of  contaminated  sediment  and 
surface  water  which  would  in  and  of  themselves 

SUMMARY  OF  RISK 

The  above  risk  estimates  account  for  multiple  media  exposure 
within  a scenario.  Total  risk  for  each  scenario  includes 
all  carcinogenic  risk:  from  ingestion  of  groundwater, 
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APPENDIX  A TABLE  6-24 

POTENTIAL  FUTURE  ONSITE  RESIDENTIAL  SCENARIO 
INHALATION  OF  WIND-BLOWN  SEDIMENTS 


POTENTIAL  CARCINOGENIC  EFFECTS 


Compound 

Annua l 

Estimated  Dust  (1) 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 
Potency 
Factor  (5) 
(mg/kg/day) -1 

Upperbound  Excess 
Lifetime  Cancer  Risk 

Arsenic 

0.006 

7.5E-08  (3,4) 

50 

3.76E-06 

Beryl l ium 

0.00001 

4.2E-10 

8.4 

4E-09 

Cadmium 

0.013 

5.4E-07 

6.1 

3.32E-06 

Chromium  (VI) 

0.00049 

2.0E-08 

41 

8.40E-07 

Nickel 

0.00016 

6.7E-09 

0.84 

6E-09 

TOTAL  RISK  = 

8E-06 

NONCARCINOGENIC  EFFECTS 


Compound 

24-Hr 

Estimated  Dust  (1) 
Concentration  (ug/m3) 

Daily  Intake 
(mg/kg/day) 

Inhalation 
AIC  (6) 
(mg/kg/day) 

Inhalation 
Reference 
Dose  (5) 
(mg/kg/day) 

CD I : A I C Ratio 

Adult 

Child  (7) 

Adult 

Chi  Id 

Aluminum 

1.54 

1. IE-04 

1.4E-04 

NA  (8) 

Copper 

0.124 

9.2E-06 

1. IE-05 

1.0E-02 

9.2E-04 

1. IE-03 

I ron 

3.27 

2.4E-04 

2.9E-04 

8.6E-03 

2.8E-02 

3.4E-02 

Lead 

0.044 

3.2E-06 

3.9E-06 

4.3E-04 

7.6E-03 

9. IE-03 

Magnesium 

0.512 

3.8E-05 

4.5E-05 

NA 

Manganese 

0.688 

5. IE-05 

6. IE-05 

3.0E-04 

1.7E-01 

2.0E-01 

Mercury 

0.00012 

8.9E-09 

1. IE-08 

5. IE-05 

1.7E-04 

2. IE-04 

Vanadiun 

0.00204 

1.5E-07 

1.8E-07 

NA 

Zinc 

0.132 

9.7E-06 

1.2E-05 

1.0E-02 

9.7E-04 

1.2E-03 

TOTAL  HI  = 0.21  0.2 


(1) .  Estimated  dust  concentration  taken  from  Appendix  A Table  4-9. 

(2) .  The  CD  I adjusts  the  dust  concentration  to  account  for  that  portion,  24.6%,  that  is  respirable. 

(3) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(4) .  Value  assures  a 30%  absorption,  all  other  inorganics  assume  100%. 

(5) .  Source:  EPA,  1989e;  EPA,  1989a. 

(6) .  Source:  EPA,  1986c. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-6  for  intake  assumptions. 
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APPENDIX  A TABLE  6-25 

POTENTIAL  FUTURE  ONSITE  RESIDENTIAL  SCENARIO 
INGESTION  AS  A RESULT  OF  INHALATION  OF  WIND-BLOWN  SEDIMENTS 


POTENTIAL  CARCINOGENIC  EFFECTS 


Compound 

Annua l 

Estimated  Dust  (1) 
Concentration  (ug/m3) 

Chronic  Daily  Intake 
(mg/kg/day)  (2) 

Inhalation 

Potency 

Factor 

(mg/kg/day) -1 

Upperbound  Excess 
Lifetime  Cancer  Risk 

Arsenic 

0.006 

7.7E-07  (3) 

1.5  (4) 

IE-06 

TOTAL  RISK  = 

IE-06 

NONCARCINOGENIC  EFFECTS 


Compound 

24-Hr 

Estimated  Dust  (1 ) 
Concentration  (ug/m3) 

Daily  Intake 
(mg/kg/day) 

Oral 
AIC  (5) 
(mg/kg/day) 

Oral 

Reference 
Dose  (6) 
(mg/kg/day) 

CDI  :RfD  or 

CDI  :AIC 

Adult 

Child  (7) 

Adult 

Child 

Aluminum 

1.54 

3.5E-04 

4.2E-04 

NA 

(8) 

Beryl lium 

0.00004 

9.0E-09 

1. IE-08 

5.0E-03 

1.8E-06 

2.2E-06 

Cadmi urn 

0.052 

1.2E-05 

1.4E-05 

5.0E-04 

2.3E-02 

2.8E-02 

Chromium 

0.00196 

4.4E-07 

5.3E-07 

1.0E+00 

4.4E-07 

5.3E-07 

Copper 

0.124 

2.8E-05 

3.3E-05 

4.0E-02 

7.0E-04 

8.4E-04 

I ron 

3.27 

7.4E-04 

8.8E-04 

NA 

Lead 

0.044 

9.9E-06 

1.2E-05 

NA 

Magnesium 

0.512 

1.2E-04 

1.4E-04 

NA 

Manganese 

0.688 

1.5E-04 

1.9E-04 

2.0E-01 

7.7E-04 

9.3E-04 

Mercury 

0.00012 

2.7E-08 

3.2E-08 

2.0E-03 

1.4E-05 

1.6E-05 

Nickel 

0.00064 

1.4E-07 

1.7E-07 

2.0E-02 

7.2E-06 

8.6E-06 

Vanadium 

0.00204 

4.6E-07 

5.5E-07 

2.0E-01 

2.3E-06 

2.8E-06 

Zinc 

0.132 

3.0E-05 

3.6E-05 

2. IE-01 

1.4E-04 

1.7E-04 

TOTAL  HI  = 

0.025 

0.03 

(1) .  Estimated  dust  concentration  taken  from  Appendix  A Table  4-9. 

(2) .  It  is  assumed  that  the  75%  of  inhaled  dust  that  is  not  respirable  is  ingested. 

(3) .  Scientific  notation  is  used  for  ease  in  reading  small  values. 

For  example,  the  notation  1.5E-04  is  the  value  0.00015. 

(4) .  Source:  Thomas,  1988. 

(5) .  Source:  EPA,  1986c. 

(6) .  Source:  EPA,  1989e;  EPA,  1989a. 

(7) .  A child  of  1 to  4 years  is  compared  to  adults  as  this  age  group  is  the  only  group  that  differs  in  intake 

(8) .  NA  indicates  value  is  not  available. 

NOTE:  See  Table  4-6  for  intake  assumptions. 
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surface  water  or  sediments?  dermal  exposure  to  dissolved 
contaminants  in  surface  water;  and  inhalation  of  dusts  that 
arose  from  contaminated  sediments. 

Risk  could  be  additive  across  exposure  scenarios  as  well  as 
media,  as  an  adjacent  downwind  resident  could  also  utilize 
the  ponds  for  recreational  purposes  and  be  exposed  to 
contaminants  while  at  the  ponds  in  addition  to  inhaling  dust 
that  has  moved  off-site.  This  could  double  an  individuals 
potential  risk. 

Persons  living  in  adjacent  towns  of  Anaconda  or  Butte  could 
use  the  ponds  for  recreation,  adding  to  their  total  excess 
lifetime  risk  from  exposure  to  contaminants  at  their 
residences  and  work  places.  The  calculation  of  such 
cumulative  risk  is  beyond  the  scope  of  this  assessment. 
Recreational  use  of  the  ponds  by  individuals  from  anaconda 
or  Butte  could  substantially  increase  the  potential  excess 
lifetime  cancer  risk  from  exposure  to  inorganic  mining  waste 
contaminants . 

Several  pathways  of  exposure  were  not  guantified  in  this 
assessment.  These  could  add  to  the  total  carcinogenic  and 
noncarcinogenic  risk.  A summary  of  those  risks  guantified 
for  scenarios  evaluated  are  presented  in  Tables  6-26  and  6- 
27.  These  tables  also  outline  the  pathways  that  were  not 
guantified,  and  subjectively  evaluates  the  risk  from 
unguantif iable  pathways. 
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TABLE  6-26 

RISK  SUMMARY  FOR  CURRENT  HUMAN  EXPOSURE  SCENARIOS  (1) 
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Dermal  Contact  Not  quantified.  Anticipated  that  Not  quantified.  Anticipated  that  None 

additional  risk  from  this  pathway  additional  risk  from  this  pathway 

would  be  minimal,  see  dermal  contact  would  be  minimal,  see  dermal  contact 

with  surface  water.  with  surface  water. 
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(1) .  For  specific  details  of  risk,  see  Appendix  A.  Not  all  pathways  have  been  quantified. 

(2) .  The  terms  'maximum'  and  'average'  in  rleation  to  risk  are  modifiers  meant  to  indicate  the  use  of  maximum  and  average  intakes 

and  concentrations  and  is  not  meant  to  imply  that  risk  is  anything  other  than  upper  bound  estimates. 


Section  7 

ENVIRONMENTAL  RISK  CHARACTERIZATION 

INTRODUCTION 


Potential  impacts  to  the  environment  from  contaminants  are 
difficult  to  quantify.  Impairment  of  health,  disturbance  of 
reproductive  processes,  or  increased  susceptibility  to 
predation  are  hard  to  measure.  Research  on  wildlife 
exposure  to  environmental  contaminants  has  been  conducted 
primarily  at  the  Patuxent  Wildlife  Research  Center,  and 
primarily  on  waterfowl.  The  literature  for  terrestrial  and 
aquatic  life  commonly  reports  the  no  effect  level  (NOEL) , 
the  lowest  effect  level  (LOEL) . the  lethal  concentration 
that  kills  50  percent  of  the  population  (administered 
through  inhalation)  (LC50)  and  most  often,  the  lethal  dose 
that  kills  50  percent  of  the  population  (administered  by  any 
route  other  than  inhalation)  (LD50)  . These  values  are 
determined  during  controlled  laboratory  experiments  but 
rarely  reflect  the  interaction  between  multiple  chemicals, 
as  found  in  the  environment.  This  section  will  present 
toxicity  information  on  the  compounds  found  at  the  site  and 
discuss,  qualitatively,  the  potential  risk  to  the 
environment  these  compounds  present. 

TOXICITY  ASSESSMENT 


TOXICITY  PROFILES 


Brief  toxicity  profiles  are  presented,  by  compound, 
primarily  for  biota  which  do  not  have  any  criteria  or 
standards.  Criteria  have  been  developed  primarily  for  fish 
and  fish  toxicity  to  the  compounds  is  adequately  described 
by  available  criteria.  These  profiles  contain  a discussion 
of  the  known  toxicological  properties  of  the  compounds  to 
aquatic  and  terrestrial  plants  (flora)  and  animals  (fauna) . 

Aluminum 


Flora . Traces  of  aluminum  may  be  essential  to  some  plants 
as  aluminum  is  widely  found  in  low  concentrations  in  plant 
tissue.  Irrigation  water  of  20  ppm  is  considered  safe  for 
short-term  use  on  sandy  soils.  For  continuous  use,  the  safe 
level  is  to  1 ppm  (U.S.  EPA,  1976). 

Crop  plants  considered  tolerant  of  soluble  aluminum  include 
oats  and  rye.  Aluminum  has  been  found  to  stimulate  growth 
in  these  species  at  concentrations  of  3.4  to  13.6  ppm. 
Sensitive  plants  include  corn,  barley,  and  sorghum;  they  are 
injured  by  1 ppm  in  solution  (McKee  and  Wolf,  1963) . No 
data  were  found  on  the  effects  of  aluminum  on  marsh  species. 
Small  quantities  of  aluminum  reduce  the  toxic  effects  of 
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sodium  in  the  substrate  and  reduce  the  symptoms  of  manganese 
poisoning  (McKee  and  Wolf,  1963) . The  addition  of  lime  to 
soils  reduces  harmful  effects  of  high  aluminum 
concentrations . 

Fauna.  The  simple  hydroxides,  A1(0H)+2  and  A1(0H)2+  are  the 
most  dangerous  forms  of  aluminum  to  aquatic  life,  while 
organic  and  polymeric  forms  are  less  toxic  or  harmless.  In 
alkaline  conditions,  the  toxicity  of  aluminum  to  rainbow 
trout  increases  with  increasing  pH,  indicating  the  soluble 
forms  are  more  toxic.  (Aluminum  is  amphoteric,  with  minimum 
solubility  at  a pH  of  5.5.) 

Aluminum  will  form  floe,  aggregates  of  particles  formed  with 
aluminum,  organic  acids  and  hydroxyl  ions.  Floe  will  coat 
the  stream  bed,  impede  the  swimming  ability  of  Daphnia  and 
impede  movement  and  feeding  ability  of  midges,  resulting  in 
death.  Floe  will  also  coprecipitate  nutrients  and  suspended 
material,  which  can  coat  the  bottom  of  streams,  impacting 
bottom  dwelling  life  and  certain  life  stages  of  other 
organisms . 

Anderson  (1948)  reported  that  the  threshold  concentration 
for  Daphnia  magna  was  approximately  6.7  ppm  of  aluminum 
chloride.  Other  investigators  have  found  the  EC50  of  Daphnia 
to  range  from  3.9  to  38  ppm  (mg/1).  Chronic  concentrations 
of  1.4  ppm  will  affect  the  survival  of  adult  Daphnia  after 
28  days.  Reproductive  impairment  also  results  from 
concentrations  as  low  as  0.3  ppm.  Invertebrate  species  have 
been  shown  to  be  more  sensitive  than  vertebrates.  A three- 
day  LC50  for  rainbow  trout  of  5.2  ppm  and  4.0  ppm  for  carp 
were  among  the  most  sensitive  species  tested  (EPA,  1986g) . 
Aluminum  is  not  known  to  bioaccumulate. 

Antimony 

Fauna . Bioassay  studies  have  been  conducted  on  Daphnia  magna 
using  antimony  ammonium  tartrate  and  antimony  trichloride. 
Threshold  effects  occurred  at  9 and  37  ppm,  respectively. 

The  effects  of  water  hardness  on  toxicity  have  not  been 
determined. 

Arsenic 

Flora . Concentrations  of  available  arsenic  in  the  soil  in  a 
form  that  can  be  absorbed  and  translocated  by  plants  varies 
from  0 to  500  ppm.  It  is  recommended  that  water  used  for 
irrigation  contain  no  more  than  10  ppm  arsenic  for  short 
term  use  or  1 ppm  for  continuous  use  (Geonomics,  1978) . 

Many  crop  plants  are  affected  by  concentrations  as  low  as 
0.5  ppm.  EPA  recommended  that  effluent  to  be  used  for 
irrigation  purposes  contain  no  more  than  0.1  ppm  arsenic 
j (U.S.  EPA,  1976) . 
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Plants  grown  on  uncontaminated  soils  usually  contain  less 
than  1 ppm  arsenic.  Low  concentrations  of  arsenic  can 
actually  stimulate  growth.  In  species  that  have  evolved 
tolerance,  roots  store  arsenic  as  an  insoluble  residue. 
Arsenic  that  is  translocated  is  concentrated  in  older 
leaves.  In  non-tolerant  species,  toxicity  first  appears  in 
root  systems  and  limits  growth  before  much  arsenic  is 
translocated  to  other  plant  parts.  When  translocation  does 
occur,  arsenic  acts  to  degrade  chlorophyll,  thus  reducing 
photosynthesis  and  eventually  productivity  (Salisbury  and 
Ross,  1969) . 

The  trioxide  anion  of  arsenic  has  no  effect  on  the  growth  of 
alkali  bulrush  at  5 ppm.  The  tolerance  limit  of  arrowhead 
to  sodium  arsenite  appears  to  be  4 ppm  (U.S.  EPA,  1976). 
Water  milfoil,  waterweed,  and  blue-green  algae  tolerate 
between  6 and  10  ppm  sodium  arsenate  before  toxicity  becomes 
apparent.  Pondweeds  will  tolerate  up  to  5 ppm  of  the 
trioxide  form  before  growth  is  hindered  (Becker  and 
Thatcher,  1973).  There  is  no  evidence  for  bioaccumulation 
through  the  food  chain  with  respect  to  the  arsenic  content 
of  plants.  This  is  because  continuous  ingestion  of  small 
doses  results  in  detoxification  and  excretion  while 
ingestion  of  large  quantities  results  in  acute  poisoning. 
Lower  trophic  levels  may  accumulate  arsenic,  but  not  in 
sufficient  quantities  to  be  toxic  to  animals.  The  addition 
of  organic  matter,  zinc,  iron,  or  aluminum  compounds  to  the 
soil  may  have  an  antagonistic  effect  on  arsenic  present, 
keeping  toxicity  levels  low.  Phosphate  addition  may  have  a 
synergistic  effect  (Broadbent,  1957) . 

Fauna . Arsenic  has  been  shown  to  accumulate  in  aquatic 
organisms.  Marine  species  concentrate  from  10  to  100  times 
more  arsenic  than  their  freshwater  counterparts  (Dvorak  and 
Lewis,  1978) . Transference  of  arsenic  in  the  food  chain  is 
reported  to  have  relatively  low  toxicity  because  the 
organically  bound  species  of  this  element  are  less  harmful 
than  the  ionic  species  (U.S.  EPA,  1976). 

The  acute  toxicity  of  arsenic  to  aquatic  invertebrates 
ranges  from  1.1  to  7.3  ppm  (Becker  and  Thatcher,  1973; 

Dvorak  and  Lewis,  1978) . The  chronic  toxicity  of  the 
arsenic  ion  to  Daphnia  magna  was  measured  at  2.85  ppm  (3-week 
TLm) . Sixteen  percent  reproductive  impairment  of  Daphnia 
broods  resulted  from  exposure  to  0.52  ppm  arsenic  ion.  No 
toxic  effects  were  noted  for  crabs  exposed  to  3.1  ppm  for  90 
days,  for  mayfly  nymphs  exposed  to  3 to  14  ppm,  and  for 
dragonflies  and  damselflies  exposed  to  10  to  20  ppm  (McKee 
and  Wolf,  1963) . 

Freshwater  fish  have  been  reported  to  withstand  greater 
levels  of  arsenic  than  invertebrates.  Toxicity  levels 
affecting  minnows  range  from  11.6  to  60  ppm.  Arsenic  was 
toxic  to  bluegill  and  crappie  at  15  ppm  (McKee  and  Wolf 
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1963) . Largemouth  bass,  redear  sunfish,  and  white  crappie 
were  not  killed  at  arsenic  concentrations  of  less  than  5 ppm 
(Dvorak  and  Lewis,  1978).  Rainbow  trout  were  not  affected 
by  diets  of  90  mg  arsenic/kg,  but  diets  up  to  120  mg/kg 
resulted  in  poor  growth,  food  avoidance,  and  poor 
metabolism.  However,  methylated  arsenicals  had  no  effects 
at  concentrations  up  to  1600  mg/kg  (Eisler,  1988) . 

Barium 


Flora . Plants  normally  do  not  utilize  barium.  Only  trace 
amounts  have  been  found  in  leaf  tissue,  although  analysis 
for  this  element  is  not  routinely  performed  (Salisbury  and 
Ross,  1969) . Most  plants  do  not  exhibit  toxic  effects 
unless  conditions  are  extreme.  Waterweed,  a submergent 
marsh  species,  is  killed  by  a concentration  of  10  ppm 
soluble  barium  (Becker  and  Thatcher,  1973) . A green  alga, 
Chlorella  vulgaris , is  tolerant  to  soluble  barium  under  anaerobic 
conditions  (Antonovics  et  al.,  1971).  This  element  is  not 
thought  to  bioaccumulate,  since  most  plants  do  not  take  up 
appreciable  quantities. 

Fauna . Invertebrates  show  limited  tolerance  to  barium 
chloride,  ranging  from  170  to  200  ppm  in  4-8  hour  TLm 
studies  for  Daphnia . The  cladoceran,  Leptodora  kindtii , was 
immobilized  at  12  ppm  in  water  and  the  copepod,  Cyclops 
v emails , withstood  up  to  12  3 ppm  before  being  immobilized. 
Mosquitofish  and  minnows  show  a much  higher  tolerance  to 
barium  than  do  invertebrates.  Barium  chloride  appears  less 
toxic  than  barium  nitrate,  as  the  range  in  lethal  levels  for 
mosquitofish  was  1640  to  4400  ppm  BaCl2,  compared  to  400  to 
760  ppm  Ba(NOj)  for  stickleback  (McKee  and  Wolf,  1963). 

Beryllium 

Flora . Beryllium  is  usually  unavailable  in  soils  because  of 
its  ease  in  displacing  other  divalent  ions  in  the  cation 
exchange  complex.  This  property  fixes  beryllium  strongly  in 
soils.  In  the  soluble  form  (low  pH) , beryllium  can  inhibit 
plant  growth.  Soluble  beryllium  tends  to  accumulate  in 
plant  roots,  affecting  enzyme  systems.  When  translocated  to 
plant  tops,  leaves  accumulate  higher  levels  than  shoots, 
inhibiting  photosynthesis  (Salisbury  and  Ross,  1969) . 

Reduced  growth  is  exhibited  at  concentrations  ranging 
between  0.5  and  2 ppm  in  legumes.  Germination  can  be 
retarded  at  15  to  120  ppm  beryllium  in  the  mustard  family. 
Insoluble  compounds  do  not  seem  to  affect  plant  growth 
(McKee  and  Wolf,  1963).  Soil  pH  above  5.5  reduces  toxicity, 
as  it  reduces  solubility  of  beryllium.  At  a pH  of  11.2, 
beryllium  has  been  found  to  be  beneficial  to  plants  with  a 
magnesium  deficiency  (U.S.  EPA,  1976). 
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Fauna . Toxicity  of  beryllium  is  dependent  on  water 
hardness;  soft  water  (low  pH)  is  100  times  more  toxic  than 
hard  water.  No  data  are  available  regarding  beryllium 
toxicity  to  aquatic  invertebrates.  It  is  possible  that 
benthos  could  accumulate  beryllium  from  sediment  and 
transfer  it  to  higher  organisms  via  the  food  chain,  although 
bioconcentration  is  not  thought  to  occur  to  any  great  degree 
(U.S.  EPA,  1979) . Freshwater  fish  species,  such  as 
bluegill,  exhibit  toxic  effects  to  beryllium  in  the  range  of 
0.15  to  1.3  ppm  in  soft  water  and  11  to  20  ppm  in  hard  water 
(McKee  and  Wolf,  1963)  . 

Cadmium 


Flora . Plant  tissue  normally  contains  up  to  1 mg  cadmium 
per  kg  tissue,  but  it  is  not  essential  for  growth. 
Translocation  can  occur,  with  the  effects  of  toxicity 
appearing  in  leaves  (wilting  and  chlorosis)  before  growth  is 
retarded  (Salisbury  and  Ross,  1969) . Sedge  and  alkali 
bulrush  have  the  capacity  to  take  up  cadmium  from  the  soils. 
Sedge  translocates  cadmium  rapidly,  while  alkali  bulrush 
concentrates  it  in  the  roots  and  lower  stems.  Tule, 
saltgrass,  and  arrowgrass  have  the  ability  to  take  up 
cadmium,  slowly  translocate  it,  and  concentrate  it  to  an 
average  of  74  ppm  in  their  tissues.  Saltwater  cordgrass  and 
cordgrass,  both  true  saltmarsh  species,  accumulate  cadmium 
in  roots  but  do  not  translocate  large  amounts  to  plant  tops. 
Tissues  of  both  species  averaged  152  ppm  cadmium  indicating 
that  saltmarsh  species  can  absorb  more  cadmium  than  fresh  or 
brackish  water  march  species  (Lee  et  al.,  1976). 

Soybean,  often  used  as  a forage  for  waterfowl,  has  a low 
tolerance  to  cadmium.  Low  concentrations  retard  seedling 
growth,  inhibit  development  of  trifoliate  leaves,  reduce  dry 
weight  (productivity) , and  produce  progressive  chlorosis 
with  increasing  concentrations  of  cadmium  throughout  the 
plant  (Cunningham,  1975) . Other  forage  species  exhibit 
higher  concentrations  of  cadmium  when  grown  on  polluted 
soils. 

Cadmium  is  accumulated  through  the  food  chain  in  sufficient 
quantities  to  be  harmful  to  higher  trophic  levels,  including 
humans  (Thoman  et  al.,  1974).  Only  if  the  cadmium  to  zinc 
ratios  are  carefully  managed  can  the  uptake  of  cadmium  be 
controlled.  An  average  ratio  of  1:100  prevents  accumulation 
in  plants  by  limiting  uptake.  Organic  matter  in  the  soil 
complexes  with  cadmium  through  cation  exchange,  thereby 
limiting  its  availability  for  uptake  by  plant  species. 
Concentrations  of  calcium,  phosphorus,  potassium,  and 
aluminum  in  the  soil  can  also  affect  cadmium  uptake  (McKee 
and  Wolf,  1963) . 
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Fauna.  Immobilization  bioassays  conducted  on  Daphnia  magna 
indicate  a threshold  level  of  0.0026  ppm  cadmium  chloride  at 
25  °C  (McKee  and  Wolf,  1963).  Daphnia  had  a 3-week  LD50  of 
0.005  ppm  and  experienced  a 16  percent  reduction  in 
productivity  after  3 weeks'  exposure  to  0.0017  ppm. 

Distress  symptoms  in  the  freshwater  snail,  Australorbis  glabratus , 
were  caused  by  0.05  to  0.1  ppm  cadmium.  The  mayfly, 
Ephemerella  subvaria , had  a 96-hour  LD50  of  2.0  ppm  while  the  mud 
crab,  Eurypanopeus  depressus , had  a 7 2 -hour  LD50  of  4.9  ppm 
(Dvorak  and  Lewis,  1978) . During  that  same  Dvorak  and  Lewis 
study,  11.0  ppm  was  the  100  percent  lethal  concentration  for 
Eurypanopeus.  In  soft  water,  the  midge,  Tanytarsus  dissimilis , had 
a 10-day  LD50  of  0.0034  ppm  but  showed  no  effects  in  the 
0.0019  ppm  cadmium. 

A substantial  data  base  exists  on  the  toxicological  effect 
of  cadmium  to  freshwater  fish.  It  primarily  demonstrates 
that  ambient  cadmium  water  concentrations  exceeding  10  ppb 
are  associated  with  high  mortality,  reduced  growth, 
inhibited  reproduction  and  other  effects.  The  96-hour  LC50 
of  cadmium  to  striped  bass  larvae  is  1.0  ppb,  while  the  17- 
day  LC50  for  adult  rainbow  trout  is  5.2  ppb.  Concentrations 
between  1 and  3 ppb  in  water  of  low  alkalinity  caused 
reduction  of  growth,  survival,  and  fecundity  of  three 
comparatively  sensitive  species  of  freshwater  fishes  (brook 
trout,  catfish,  and  Walleye)  when  exposed  for  30  to  60  days 
duration  (Eisler,  1985) . 

Cadmium  has  a toxic  effect  on  a variety  of  birds  and 
mammals,  including  mallard  ducks.  The  known  effects  on 
ducks  are  all  sublethal,  primarily  affecting  the  kidneys, 
testes,  and  egg  production.  However,  studies  by  White  and 
Finley  (1978a  and  b)  and  White,  Finley,  and  Ferrell  (1978) 
show  that  no  weight  loss  or  mortality  occurred  in  mallards 
fed  concentrations  of  cadmium  up  to  20  ppm.  Liver  and 
kidney  tissue  accumulated  the  highest  levels  off  cadmium. 

No  histological  anomalies  appeared  in  the  liver  despite  high 
concentrations,  but  kidneys  and  testes  both  showed  severe 
lesions,  weight  change,  and  apparent  dysfunction  after  being 
fed  concentrations  of  200  ppm.  Egg  production  was 
suppressed  in  ducks  fed  200  ppm  cadmium,  but  not  in  those 
fed  lower  concentrations.  Thus,  physiological  effects  are 
observed  at  20  ppm,  but  do  not  become  severe  until  200  ppm. 

Cadmium  accumulation  in  tissues  is  positively  correlated 
with  concentrations  in  the  environment  up  to  20  ppm.  At 
higher  levels,  the  relationship  diminishes,  suggesting  that 
the  capacity  of  body  organs  to  store  cadmium  is  limited. 
Natural  concentrations  in  the  livers  and  kidneys  of  wild 
ducks  are  less  than  10  ppm,  but  exceeded  100  ppm  in  birds 
fed  200  ppm  cadmium  (White  and  Finley,  1978a) . The  toxic 
effects  of  cadmium  are  suppressed  in  the  presence  of  zinc 
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and  iron  for  some  species,  but  no  information  of  this  nature 
is  available  for  waterfowl.  Cadmium  levels  in  excess  of  20 
ppm  in  natural  environments  may  reduce  reproductive  success 
of  nesting  waterfowl  (White,  Finley,  and  Ferrell,  1978). 

Calcium 


Flora.  Calcium  is  an  essential  macronutrient  for  plant 
growth.  A constant  supply  of  calcium  must  be  available  for 
continued  root  growth.  Calcium  acts  in  enzymatic  functions 
and  in  the  formation  of  pectin,  an  insoluble  substance  that 
cements  cell  walls  together.  Deficiencies  result  in  death 
or  extreme  distortion  of  growing  cells  (Salisbury  and  Ross, 
1969) . Concentrations  of  5000  ppm  calcium  in  plant  parts 
are  not  unusual.  Leaves  often  contain  320  ppm  calcium. 
Calcium  hypochlorite  is  partially  toxic  to  several  species 
of  blue-green  algae  at  concentrations  of  2 ppm  at  22.2  °C 
(Becker  and  Thatcher,  1973).  Calcium  ions,  however,  are  not 
toxic. 

Calcium  may  elevate  the  toxicity  of  zinc.  The  toxicity  of 
magnesium,  copper,  and  iron  may  be  reduced  by  the  presence 
of  calcium. 

Fauna . Calcium  occurs  as  calcium  salts  and  ions.  Although 
water  hardness  is  caused  by  many  ions  dissolved  in  water, 
hardness  is  often  eguated  to  the  concentration  of  calcium 
carbonate.  Because  many  toxic  trace  metals  are  complexed 
and  removed  in  hard  water,  increases  in  calcium  content 
often  enhance  water  quality.  In  addition  to  calcium 
carbonate  and  bicarbonate,  calcium  chloride  and  hydroxide 
are  also  present.  These  last  two  compounds  have  been  most 
used  in  bioassay  studies. 

The  threshold  concentration  of  calcium  chloride  for 
immobilization  of  Daphnia  magna  was  920  ppm,  while  the  two 
copepods,  Cyclops  vemalis  and  Mesocyclops  leukarti , had  threshold 
concentrations  of  1730  and  1440  ppm,  respectively  (McKee  and 
Wolf,  1963). 

Copper 

Flora.  Copper  is  an  essential  micronutrient  (U.S.  EPA, 

1976) . It  is  absorbed  as  a divalent  cupric  or  monovalent 
cuprous  ion,  existing  in  plants  primarily  in  the  cupric  form 
(Salisbury  and  Ross,  1969) . Copper  is  vital  in  the 
functioning  of  certain  enzymes  and  essential  in  the 
synthesis  of  chlorophyll  molecules  (U.S.  EPA,  1976).  Normal 
content  in  plants  varies  between  5 and  15  ppm,  but  higher 
concentrations  can  be  found  (Antonovics  et  al.,  1971). 

Roots  are  the  primary  storage  site  for  copper,  with  high 
concentrations  also  found  in  chloroplasts  (Reuther,  1957) . 
Copper  uptake  is  regulated  by  an  internal  mechanism  for 
tolerance.  At  low  soil  concentrations,  copper  uptake  in 
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above  ground  parts  is  low.  As  soils  increase  in  copper 
concentrations,  uptake  remains  low  until  a threshold 
concentration  is  reached  and  uptake  increases  abruptly.  The 
threshold  concentration  of  copper  in  soils  is  different  for 
each  species. 

A blue-green  alga  species,  Cirosiphon , is  an  indicator  of 
copper  contamination,  as  are  a variety  of  blue-green  algal 
genera  (Antonovics  et  al,  1971)  . 

Toxic  levels  of  copper  can  cause  reduced  growth,  chlorosis, 
and  stunted  root  development.  Iron  concentrations  become 
depressed  and  symptoms  of  iron  deficiencies  are  produced. 
Toxic  copper  concentrations  also  interfere  with  the  uptake 
of  other  heavy  metals.  Concentrations  of  more  than  400  ppm 
copper  in  the  topsoil  are  usually  considered  toxic  (Reuther, 
1957) . Toxicity/tolerance  levels  vary  widely  among  plant 
species.  Agricultural  plants  exhibit  toxic  symptoms  at 
concentrations  as  low  as  0.1  ppm  (Antonovics  et  al.,  1971). 
This  is  lower  than  the  recommended  safe  levels  for 
irrigation  water  (0.2  to  5.0  ppm)  (Geonomics,  1978). 

Various  submergent  plants  (waterweed,  water  milfoil, 
pickerelweed,  pondweed,  and  blue-green  algae)  are  unaffected 
by  copper  concentrations  of  10  ppm  at  pH  8.1  (Becker  and 
Thatcher,  1973).  Many  blue-green  algae  species  can  tolerate 
high  copper  concentrations  as  long  as  conditions  remain 
aerobic  (Becker  and  Thatcher,  1973) . Many  emergent  marsh 
species  are  able  to  absorb  and  accumulate  copper  from  soil 
solution.  Bulrush,  sedge,  iris,  cattail,  and  reed  absorb 
concentrations  of  4.8,  5.6,  5.7,  4.7,  and  4.2  mg  copper  per 
kg  dry  weight,  respectively  (Lee  at  al.,  1976).  Although 
copper  can  accumulate  to  high  levels  in  plant  tissue,  no 
indication  of  bioaccumulation  has  been  noted. 

Fauna . Aquatic  fauna  exhibiting  high  copper  tolerances  are 
crayfish  ( Orconectes  rusticus)  , with  a 9 6-hour  LD50  of  3 ppm; 
stonefly  ( Acroneuris  tycomas)  , with  a 96-hour  LD50  of  8.3  ppm; 
and  caddisfly  ( Hydropsyche  betteri)  , with  a 14-day  LD50  of  32 
ppm.  A study  conducted  to  examine  the  effect  of  copper 
precipitate  on  benthic  organisms  in  a lake  treated  with 
copper  sulfate  for  algae  control  concluded  that  9000  ppm  was 
the  toxicity  limit  of  copper  mud  for  the  midge,  Tendipes 
plumosus , and  the  fingernail  clam,  Pisidium  idahoense  (U.S.  EPA, 
1976)  . 

Freshwater  fish  vary  in  their  sensitivity  to  copper 
according  to  life  stage.  Adult  brook  trout  did  not  exhibit 
an  adverse  effect  to  concentrations  of  17.5  ppb  copper  (42 
ppm  CaCOj)  (survival , growth,  and  spawning  were  not 
affected) , however,  juvenile  growth  and  survival  were 
severely  impacted.  The  no  adverse  effect  level  for 
juveniles  was  found  to  be  about  half  that,  at  9.5  ppb  (U.S. 
EPA,  1976) . 
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Iron 


Flora . An  essential  element  for  plant  nutrition,  iron  aids 
in  the  formation  of  chlorophyll  molecules.  Deficiencies  are 
indicated  by  yellow  white  tissue,  caused  by  the  lack  of 
chlorophyll.  Plants  normally  require  an  average  of  100  ppm 
iron  in  leaves  (Salisbury  and  Ross,  1969) . 

Emergent  marsh  vegetation  has  the  ability  to  absorb  iron 
from  its  habitat.  Bulrush,  sedge,  cattail,  and  reed  absorb 
quantities  of  iron  at  0.79,  3.8,  1.1,  and  0.92  mg  iron  per 
kg  dry  weight,  respectively  (Lee  et  al.,  1976).  Iron  may 
provide  protection  for  toxic  concentrations  of  copper 
(Antonovics  et  al,  1971)  . 

Fauna . In  well  aerated  water,  iron  oxidizes  and 
precipitates  out  of  solution.  Because  iron  oxides  are  so 
insoluble,  little  toxicity  testing  has  been  done.  The  floes 
of  iron  could  be  detrimental  to  both  fish  and  other  aquatic 
life  forms  (U.S.  EPA,  1976)  by  settling  to  the  bottom  and 
covering  benthic  organisms,  thereby  reducing  fish  food 
sources  as  well  as  fish  spawning  habitat.  The  EPA  cites  a 
study  of  mayflies,  stoneflies,  and  caddisflies  that  found 
0.32  ppm  iron  to  be  the  96-hour  LD50. 

Lead 

Flora . Concentrations  of  lead  in  irrigation  water  ranging 
between  5 and  20  ppm  should  be  restricted.  Inorganic  lead 
salt  build-up  from  irrigation  water  can  be  toxic  to  crops 
(Geonomics,  1978) . 

Lead  concentrations  in  plants  normally  range  between  3 and  4 
ppm.  Apparently,  50  ppm  is  an  upper  tolerance  limit  for 
most  vascular  plants.  No  sublethal  effects  of  toxicity  are 
noticeable,  but  death  occurs  after  50  ppm  (Salisbury  and 
Ross,  1969;  Antonovics  et  al.,  1971).  Lead  uptake  is 
constant  with  increasing  lead  levels  in  the  soil  until  a 
point  is  reached  when  uptake  becomes  unrestricted  and  rises 
abruptly.  Species  can  rarely  tolerate  conditions  above  the 
level  at  which  there  is  a sudden  increase  in  lead  uptake. 
(Antonovics  et  al.,  1971).  Phosphorus  and  calcium  are  known 
to  have  antagonistic  effects  on  lead  toxicity  (Lee  et  al, 
1976) . Lead  and  cadmium  exchange  synergistic  and 
antagonistic  effects.  When  lead  concentrations  are  lower 
than  cadmium  concentrations,  the  toxicity  of  cadmium  is 
increased.  When  concentrations  of  lead  are  greater  than 
cadmium,  the  toxicity  of  cadmium  is  decreased.  Lead  and 
arsenic  also  react  synergistically  (Antonovics  et  al., 

1971) . 
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Fauna.  Aquatic  fauna  can  take  up  lead  through  the  food 
chain  or  by  absorption  through  the  body  surface.  Lead  is 
less  toxic  in  hard  water  because  it  readily  precipitates  out 
of  solution.  The  toxic  effect  of  1 ppm  lead  is  negated  by 
50  ppm  calcium  (McKee  and  Wolf,  1963)  . Because  lead  is 
slightly  soluble  and  easily  complexed,  it  is  found  mostly  in 
bottom  sediments.  Consequently,  benthic  organisms  may  be 
affected  more  than  planktonic  or  pelagic  forms. 

The  stonefly  had  a 14-day  LD50  of  64  ppm,  the  mayfly  a 7-day 
LD50  of  16  ppm,  and  the  caddisfly  a 7-day  LD50  of  32  ppm. 
Tolerance  of  warmwater  fish  species  to  lead  varies  widely. 
Studies  conducted  on  fathead  minnows  in  differing  degrees  of 
water  hardness  illustrate  the  antagonistic  effect  discussed 
previously.  Soft  water  studies  showed  a 96-hour  LD50  of  2.4 
ppm,  while  in  one  hard  water  study,  the  96-hour  LD50  reached 
75  ppm  (McKee  and  Wolf,  1963) . 

Lead  poisoning  in  waterfowl  has  been  recognized  for  many 
years.  It  is  estimated  that  2 to  3 percent  of  all  fall 
populations  of  waterfowl  die  of  lead  poisoning.  The  primary 
source  of  lead  for  waterfowl  is  consumption  of  spent  shot  in 
heavily  hunted  areas  as  waterfowl  pick  up  gravel  and  shot 
with  food.  A number  of  studies  have  been  conducted  on  toxic 
effects  on  ducks  resulting  from  consumption  of  spent  lead 
shot  (Irwin  and  Karsted,  1972;  Dieter  and  Finley,  1979; 
Koranda  et  al.,  1979).  These  studies  show  that  a single 
lead  pellet  (about  200  mg)  can  result  in  dysfunction  of 
blood  enzymes,  brain  tissue  abnormalities,  weight  loss,  and 
death.  Consumption  of  greater  quantities  of  lead 
accentuates  these  results.  It  was  noted  that  ducks  fed  a 
high  calcium  diet  survived  high  lead  dosages,  suggesting 
that  calcium  prevents  the  absorption  of  lead. 

No  studies  of  lead  in  normal  diets  have  been  found.  Lead  in 
contaminated  vegetation  was  suggested  as  the  cause  of  death 
in  whistling  swans  found  in  northern  Idaho  (Benson,  1976) . 
Concentrations  of  lead  in  tissues  from  these  birds  were 
similar  to  those  in  experimental  mortalities. 

Magnesium 

Flora . Magnesium  is  an  essential  element  for  plant  growth. 

It  forms  the  center  of  the  chlorophyll  molecule  and  is 
therefore  vital  for  photosynthesis  (Salisbury  and  Ross, 

1969) . Values  up  to  25  ppm  are  considered  harmless  to 
plants,  soil  conditions,  and  underground  water  systems  (McKee 
and  Wolf,  1963) . Grasses,  alfalfa,  and  potatoes  contain  high 
concentrations  of  magnesium  (between  1,300  and  1,700 
ppm) (Schmitt  and  Spencer,  1977).  Bulrush,  sedge,  cattail, 
and  reed  absorb  magnesium  at  rates  between  0.82  and  2.06  ppm 
dry  weight  (Seidel,  1976).  High  levels  of  magnesium 
interfere  with  boron  and  mercury  poisoning  in  many  plants 
(Antonovics  et  al.,  1971). 
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Fauna.  Aquatic  organisms  are  able  to  tolerate  large 
quantities  of  magnesium.  The  sensitive  flatworm,  Polycelis 
nigra,  exhibited  toxic  response  to  400  ppm  magnesium  chloride 
while  2 days  exposure  to  concentrations  from  740  to  3500  ppm 
proved  lethal  to  Daphnia  (McKee  and  Wolf,  1963).  Magnesium 
chloride,  the  most  common  magnesium  compound,  has  not  been 
shown  to  be  toxic  under  most  circumstances,  to  warmwater 
fish  species.  The  most  sensitive  species  listed  by  McKee 
and  Wolf  is  a "minnow"  that  showed  toxic  effects  after 
exposure  to  476  ppm.  Magnesium  chloride  also  is  reported  to 
decrease  the  toxicity  of  calcium  and  potassium  chloride. 

Manganese 

Flora . Plants  absorb  only  the  divalent,  soluble  manganese 
ion.  It  is  stable  in  plant  tissues  and  easily  translocated 
(Salisbury  and  Ross,  1969) . Manganese  performs  a structural 
role  in  the  chloroplast  membrane.  The  highest 
concentrations  of  manganese  in  the  plant  are  found  in 
chlorophyll  tissue  (Sherman,  1957) . Recommended 
concentrations  of  manganese  in  irrigation  water  range 
between  2 and  20  ppm  (Geonomics,  1978) . Once  applied  to 
soils,  most  soluble  manganese  is  oxidized  and  rendered 
unavailable. 

Bulrush  can  take  up  1200  mg  manganese  per  kg  dry  weight 
without  injury.  Cattails  perform  similarly,  absorbing  779  mg 
per  kg  from  growth  media  (Seidel,  1976).  Manganese  exhibits 
synergistic  effects  in  the  presence  of  molybdenum,  vanadium, 
or  nitrates  (McKee  and  Wolf,  1963) . Iron  may  intensify 
adverse  effects  of  manganese  because  of  the  capacity  of 
manganese  to  substitute  for  iron  compounds  when  excessive 
concentrations  of  manganese  are  present  (Antonovics  et  al, 
1971) . Symptoms  of  injury  due  to  toxic  concentrations  of 
manganese  have  been  diminished  by  cobalt,  aluminum,  ammonium, 
and  phosphate  deficiency  (McKee  and  Wolf,  1963) . 

Fauna . Invertebrates  such  as  the  cladoceran,  Daphnia  magna , 
and  the  flatworm,  Polycelis  nigra,  have  shown  a wide  range  of 
toxic  reactions  to  manganese.  Polycelis  had  a lethal  threshold 
concentration  of  approximately  700  ppm  (McKee  and  Wolf, 

19  63)  while  Daphnia  had  a 3 -week  LD50  of  5.7  ppm  (Dvorak  and 
Lewis,  1978).  After  exposure  to  4.1  ppm  manganese,  Daphnia 
experienced  16  percent  reproductive  impairment.  McKee  and 
Wolf  report  that  crustaceans,  worms,  and  insect  larvae 
tolerate  15  ppm  manganese  for  7 days. 

Mercury 

Flora . Mercury  is  neither  essential  nor  beneficial  to 
plants.  It  can  be  absorbed  when  soluble  in  soil  solution 
and  translocated  to  leaves,  but  this  rarely  occurs. 

Duckweed  can  accumulate  high  concentrations  of  mercury  by 
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surface  absorption  without  injury  (U.S.  EPA,  1976).  This 
could  present  a hazard  due  to  bioconcentration  through  the 
food  chain  (Young,  1974) . 

Fauna . Mercury  is  more  toxic  in  the  organic  form 
(methylmercury)  than  in  the  inorganic  state.  The 
methylation  process  occurs  through  bacterial  processes, 
through  ingestion  and  complexing  in  animal  tissues,  or  in 
natural  sediment  processes.  It  is  common  under  anaerobic 
conditions.  In  addition  to  its  highly  toxic  nature,  mercury 
also  biomagnifies  in  animal  tissues  (3000  or  more  times  over 
ambient  concentrations) , and  has  synergistic  effects  with 
other  trace  elements,  such  as  copper. 

Anderson  (1948)  reported  the  threshold  of  immobilization  for 
Daphnia  magna  to  be  less  than  0.006  ppm,  while  in  a study 
reviewed  by  Dvorak  and  Lewis  (1978)  Daphnia  had  a 3 -week  LD50 
of  0.13  ppm  mercury.  The  least  sensitive  invertebrate  was 
the  adult  snail,  Amnicola  sp.  , with  a threshold  level  of  2.1 
ppm. 

In  addition  to  immediate  toxic  effects,  organisms  accumulate 
mercury  in  their  tissues  and  transport  it  into  the  food 
chain.  In  a study  of  impoundments  in  Illinois  (Cox,  1979) , 
largemouth  bass  contained  more  mercury  in  their  tissues  than 
bluegill,  a prey  species.  This  study  also  indicated  that 
new  impoundments  leached  mercury  from  the  lake  bottom 
sediments  and  that  during  approximately  the  first  5 years, 
fish  may  contain  higher  levels  of  mercury  than  the  level 
approved  as  safe  (0.5  ppm)  by  the  Food  and  Drug 
Administration  (FDA) . 

Mercury  residues  have  been  found  in  a number  of  wildlife 
species  (Dustman,  Stickel  and  Elder,  1972;  Stendall,  1976). 
Toxic  effects  have  been  recorded  for  several  bird  species 
including;  starlings,  common  grackles,  redwinged  blackbirds, 
brown-headed  cowbirds,  and  Japanese  quail  (Finley,  Stickel 
and  Christensen,  1979;  Hill  and  Shaffner,  1976;  Hill  and 
Soares,  1977) . Intensive  studies  of  mercury  toxicity  have 
also  been  conducted  on  mallards  (Stickel,  1977;  Heinz  and 
Locke,  1975;  Heinz,  1974,  1975,  1976a,  1976b,  and  1979).  In 
studies  of  more  than  three  generations  of  mallards,  Heinz 
(1979)  showed  that  methylmercury  fed  in  concentrations  as 
low  as  0.5  ppm  resulted  in  reduced  reproductive  success  and 
altered  behavior  in  young.  This  concentration  is  calculated 
to  be  the  equivalent  of  0.1  ppm  in  a wild  diet.  Hens  laid 
fewer  total  eggs  than  controls,  more  eggs  were  laid  outside 
their  nest  boxes,  and  hatching  success  was  reduced. 

Ducklings  of  mercury-fed  adults  responded  more  slowly  to 
maternal  calls  and  showed  hyper-responsive  reactions  to 
fright  stimuli.  In  similar  studies,  Heinz  and  Locke  (1976) 
showed  that  ducklings  of  adult  mallards  fed  3 ppm  had 
reduced  survival  compared  to  controls.  Histological 
analysis  of  these  ducklings  revealed  extensive  brain  lesions 
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that  were  believed  to  be  caused  by  high  concentrations  of 
mercury  in  the  eggs  (5  to  7 ppm) . Similar  concentrations 
were  also  found  in  brain  tissues  of  the  ducklings.  In 
addition  to  accumulation  in  the  brain,  studies  by  Stickel 
(1977)  suggest  mercury  rapidly  accumulates  in  kidney  and 
liver  tissues  and  is  retained  for  up  to  16  weeks. 

Nickel 


Flora . Nickel  is  normally  toxic  to  plant  life  at  very  low 
concentrations.  It  interferes  with  uptake  of  iron, 
producing  symptoms  of  iron  deficiencies  (Dvorak  and  Lewis, 
1973) . Sufficient  levels  of  iron  can  reduce  the  toxicity  of 
nickel,  as  will  relatively  high  concentrations  of  molybdenum 
and  phosphorus  (Lee  et  al.,  1976). 

Nickel  is  rarely  found  in  plant  tissue  in  concentrations 
over  2 ppm.  Aerial  parts  exhibit  low  levels,  regardless  of 
external  levels  (Antonovics  et  al,  1971) . Several  emergent 
marsh  species  can  remove  nickel  from  the  environment  at 
relatively  high  rates.  Sedge  can  absorb  2.46  mg  nickel  per 
kg  dry  weight.  Bulrush,  cattail,  and  reed  absorb  1.71, 

1.83,  and  1.53  mg  per  kg  dry  weight,  respectively  (Seidel, 
1976;  Lee  et  al . , 1976).  Nickel  accumulates  in  the 
epidermis  and  sclerenchymatous  tissue  (tissue  not  living)  in 
plants.  This  could  be  a storage  mechanism  to  alleviate  high 
toxic  concentrations  around  living  roots  (Antonovics  et  al., 
1971) . 

Fauna . Daphnia  had  a 48-hour  LD50  of  0.51  ppm  nickel  and 
showed  16  percent  reproductive  impairment  after  a 3-week 
exposure  to  0.03  ppm.  The  mayfly,  Ephemerella  subvaria , had  a 
96-hour  LD50  of  4 ppm,  while  the  caddisfly,  Hydropsyche  betteri , 
had  a LD50  of  64  ppm  in  less  than  14  days. 

Selenium 


Flora . Selenium  is  readily  absorbed  in  large  quantities  in 
plants,  apparently  without  injury.  Indicator  plants,  those 
species  that  are  characteristic  of  seleniferous  soils  (e.g., 
locoweed  and  saltbush),  can  accumulate  up  to  15,000  ppm 
selenium  in  aerial  parts  without  showing  signs  of  toxicity 
(Bear,  1957) . Any  vegetation  to  be  used  as  fodder  for 
livestock  should  contain  less  than  5 ppm  or  acute  selenium 
poisoning  may  develop  (McKee  and  Wolf,  1963) . Duckweed 
concentrates  selenium,  presenting  hazards  for  accumulation 
in  waterfowl  (Rogers,  1978) . Concentrations  of  selenium 
that  can  be  tolerated  by  non-accumulating  plants  vary  from  5 
to  300  ppm  (Dvorak  and  Lewis,  1978) . Toxicity  is  indicated 
by  reduced  growth,  which  can  be  very  subtle.  Chlorosis  or  a 
darkening  of  chlorophyll  are  additional  symptoms  (Salisbury 
and  Ross,  1969) . High  concentrations  of  sulfate  diminish 
the  uptake  of  selenium  and  act  as  a partial  antidote  to 
toxicity  (McKee  and  Wolf,  1963;  Bear,  1957).  This 
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antagonistic  effect  is  explained  by  sulfur  competing  for 
reaction  sites  with  selenium,  rather  than  binding  with  the 
toxic  metal  (Antonovics  et  al.,  1971).  Selenomethionine,  an 
organic  form  of  selenium,  is  reported  by  Heinz  et  al . (1987) 

to  be  the  major  form  of  selenium  in  plants.  It  is  also  one 
of  the  most  toxic  forms  of  selenium,  thereby  posing  a threat 
to  herbivorous  waterfowl. 

Fauna . Selenium  is  a known  carcinogen  and  teratogen,  but 
has  been  shown  to  be  antagonistic  toward  the  carcinogenic 
and  teratogenic  properties  of  cadmium  and  arsenic.  Because 
it  readily  complexes  out  of  solution,  sediments  normally 
contain  higher  levels  of  selenium  than  water.  Thus,  benthic 
organisms  that  live  in  sediments  are  exposed  to  a greater 
level  of  selenium  than  fish  that  swim  in  overlying  waters. 
Bioaccumulation  of  selenium  has  been  indicated  as  the  cause 
of  reduced  fish  populations  (Finley,  1985;  Hilton  et  al . , 
1982)  . Fish  fed  mayfly  nymphs  containing  5 to  18  mg/kg 
selenium  (wet  weight)  have  shown  pathological  and  behavioral 
changes  (Finley,  1985) . Rainbow  trout  have  shown  adverse 
response  to  diets  containing  as  little  as  3 mg/kg  selenium 
(dry  weight)  (Hilton  et  al . , 1982). 

Reproductive  failure,  reduced  fecundity,  and  mortality  of 
adult  mallards  has  been  demonstrated  on  experimental  birds 
fed  a diet  of  selenium.  A concentration  of  10  mg/kg  did  not 
show  effects  on  mallards.  However,  a dose  of  100  mg/kg 
resulted  in  the  death  of  11  of  12  adults.  Females  fed  a 
diet  of  25  mg/kg  showed  reduced  egg  production,  a decline  in 
fertility,  and  diminished  hatching  success  when  compared  to 
ducks  fed  10  mg/kg.  Both  lower  levels  of  selenium,  10  and 
25  mg/kg,  produced  teratogenic  effects.  Embryos  contained 
multiple  malformations  such  as  missing  or  reduced  bills, 
toes,  eyes,  and  twisted  legs  at  a frequency  of  18  percent 
and  22  percent  for  10  and  25  mg/kg  concentration 
respectively  (Heinz  et  al.,  1987). 

Dose-response  relations  showing  toxicity  from  diet  sources 
have  not  been  reported  for  mammalian  wildlife.  Rats  and 
dogs  exposed  to  dietary  levels  of  5 to  10  mg/kg  dry  weight 
selenium  showed  signs  of  chronic  toxicity,  including  liver 
changes,  and  heart,  kidney  and  spleen  effects  (Anspaugh  and 
Robinson,  1971) . 

Vanadium 


Flora.  Vanadium  poses  no  threat  to  plant  life.  Small 
quantities  may  even  be  beneficial.  Vegetation  found  on 
soils  high  in  vanadium  contained  only  approximately  10  ppm 
in  tissues.  Most  vanadium  was  contained  in  roots,  with  very 
little  (less  than  1 ppm)  translocated  to  aerial  parts  (Stout 
and  Johnson,  1957) . Few  data  are  available  on  either 
vanadium  tolerance  or  toxic  levels  in  plants.  The  alga, 
Scenedesmus  sp.,  actually  requires  high  concentrations  of 
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vanadium  for  growth.  This  could  reflect  the  catalytic  role 
of  vanadium  in  the  fixation  of  nitrogen  (Stout  and  Johnson, 
1957)  . 

Fauna . Vanadium  is  an  essential  nutrient  for  a number  of 
animals.  However,  excessive  doses  can  have  toxic  effects  and 
interfere  with  normal  metabolic  processes  (White  and  Dieter, 
1978) . Studies  have  shown  that  diets  with  25  ppm  vanadium 
depressed  growth  in  young  chickens  and  mortality  resulted 
from  diets  with  200  ppm.  Egg  laying  in  chickens  was  reduced 
when  fed  300  ppm  vanadium,  but  not  in  quail.  Little  is  known 
about  the  toxic  effects  of  vanadium  on  waterfowl.  However,  a 
study  by  White  and  Dieter  (1978)  determined  that 
concentrations  up  to  100  ppm  in  mallard  diets  had  no  effect 
on  body  weight  and  no  deaths  occurred.  They  found  that 
vanadium  accumulated  in  the  bone  and  liver  in  relation  to 
environmental  concentrations.  There  was  some  evidence  of 
altered  lipid  metabolism  in  some  mallard  hens  fed  100  ppm. 
Concentrations  in  the  bones  of  hens  were  five  times  those 
found  in  drakes,  suggesting  a sex-linked  mechanism  of  calcium 
mobilization.  No  effect  on  reproduction  was  observed. 

Zinc 


Flora . A linear  relationship  exists  between  the  amount  of 
zinc  found  in  soils  and  its  concentrations  in  plant  tissue 
(Antonovics  et  al.,  1971).  In  one  study,  vegetation  growing 
on  contaminated  sites  contained  approximately  four  times  the 
amount  of  zinc  as  vegetation  growing  on  control  plots.  It 
is  recommended  that  irrigation  waters  contain  10  ppm  zinc  or 
less,  due  to  the  narrow  margin  between  deficiency  and 
toxicity  (Geonomics,  1978) . 

Zinc  is  an  essential  micronutrient  for  normal  plant  growth. 
It  is  present  in  all  plants  in  varying  concentrations.  Zinc 
is  required  in  the  production  of  precursors  of  the  plant 
hormone,  auxin.  Auxin  is  a growth  regulator,  therefore, 
zinc  deficiencies  result  in  poor  growth,  morphological  and 
physiological  deformities,  and  chemical  imbalance  (Salisbury 
and  Ross,  1969) . Deficiencies  are  more  frequent  than 
toxicities.  Concentrations  in  the  range  of  10  to  35  ppm  in 
leaves  are  adequate  for  most  plants.  Some  (e.g.,  ragweed) 
accumulate  over  4,000  ppm.  Zinc  deficiencies  reduce  the 
amount  of  nitrogen  in  plant  tissue  and  increase  the 
potassium  and  phosphorus  content  to  higher  than  normal 
levels  (Antonovics  et  al.,  1971). 

Studies  utilizing  wetland  plant  species,  such  as  bulrush, 
sedge,  cattail,  and  reed,  indicate  relatively  high  zinc 
absorption  ability.  Tissue  values  of  50,  63,  47,  and  37 
mg/kg  dry  weight,  respectively,  indicate  the  high  tolerance 
of  these  species  to  zinc  (Seidel,  1976) . Hydroponic  studies 
using  eight  marsh  species  and  four  different  salinity  levels 
indicated  that  all  species  studied  had  the  ability  to  take 
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up  and  translocate  zinc  at  a minimum  concentration  in  the 
roots  of  150  ppm  (Lee  et  al,  1976). 

Aquatic  vegetation  appears  generally  tolerant  of  high  levels 
of  zinc.  However,  zinc  can  function  as  an  algacide. 
Concentrations  of  7 0 ppm  are  lethal  to  the  alga,  Selenastrum . 
Toxicity  of  zinc  is  governed  by  the  metabolic  rate  of  the 
organism  in  a linear  fashion  (Bartlett  and  Rabe,  1974) . 
Bioaccumulation  in  the  food  chain  does  not  appear  to  occur 
due  to  the  formation  of  insoluble  complexes  with  calcium  in 
plant  tissues.  These  complexes  are  unavailable  to  animals. 

The  presence  of  copper,  cadmium,  or  nickel  has  a synergistic 
effect  on  zinc,  while  calcium  has  an  antagonistic  effect. 
Toxicity  of  zinc  salts  increases  when  the  concentration  of 
dissolved  oxygen  decreases.  The  addition  of  lime  to  soils 
decreases  the  toxic  effects  of  zinc  (Seatz  and  Jurinak, 

1957) . 

Fauna . One  of  the  most  sensitive  aquatic  invertebrates 
tested  for  zinc  toxicity  is  the  snail,  Physa . The  9 6-hour 
LD50  in  soft  water  was  0.3  ppm.  The  same  test  conducted  in 
hard  water  (100  mg/1  total  hardness)  increased  the  zinc 
concentration  required  to  show  toxicity  to  0.4  ppm  zinc. 
Daphnia  was  less  tolerant,  with  a 48-hour  LD50  of  0.1  ppm. 
Daphnia  also  experienced  a 16  percent  reproductive 
impairment  after  a 3-week  exposure  to  0.07  ppm  zinc  in  water 
with  45  mg/1  calcium  carbonate. 

Zinc  toxicity  to  fish  is  influenced  by  water  hardness, 
temperature,  and  dissolved  oxygen.  Toxic  concentrations  of 
zinc  will  cause  changes  in  the  morphology  and  physiology  of 
fish.  Chronic  effects  include  histological  changes  to 
organs,  growth  and  maturation  retardation,  and  general 
enfeeblement . Acute  effects  of  high  doses  will  induce 
cellular  breakdown  of  the  gills,  possibly  clogging  the  gills 
with  mucous  (U.S.  EPA,  1976) . 

QUALITATIVE  ENVIRONMENTAL  RISK 

The  current  and  future  potential  impacts  to  the  environment 
from  contaminants  at  the  site  are  discussed  qualitatively. 

AQUATIC  ENVIRONMENT 

Current 


Currently,  potential  impacts  to  the  aquatic  ecosystem  of  the 
ponds  from  site  contaminants  involve  exceedances  of  ambient 
water  quality  criteria.  As  discussed  in  Section  5 of  this 
Appendix,  chronic  ambient  water  quality  criteria  for  the 
protection  of  freshwater  life  were  exceeded  by  concentrations 
| of  copper  (Phase  I 1984-1985  and  1985  low  flow  maximum 

reported  values)  at  all  sampling  stations  except  the 
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Opportunity  Ponds  discharge.  Acute  ambient  water  quality 
criteria  for  the  protection  of  freshwater  life  were  exceeded 
by  concentrations  of  copper  in  the  inflow  to  the  ponds,  Pond 
3 and  sporadically  in  Pond  2 outflow.  Primarily,  the  chronic 
(24-hr  concentrations)  criterion  for  zinc  was  exceeded  at  all 
sampling  stations  except  the  Wildlife  Ponds. 

Using  Phase  II  data,  acute  and  chronic  copper  concentrations 
are  still  exceeded  at  the  inflow  to  the  ponds  and  in  Pond  3; 
chronic  (24-hr  concentrations)  criteria  for  zinc  are  exceeded 
at  most  sampling  locations,  except  the  Wildlife  Ponds;  and 
cadmium  chronic  criteria  are  exceeded  at  the  inflow  to  the 
ponds.  Data  were  not  available  for  cadmium  during  the  Phase 
I sampling. 

Acute  criteria,  as  previously  discussed,  are  one-hour 
averages  that  are  not  to  be  exceeded  more  than  once  every 
three  years.  Three  years  was  chosen  by  the  U.S.  EPA  as  the 
average  amount  of  time  it  would  take  an  unstressed  ecosystem 
to  recover  from  a pollution  event.  More  time  would  be 
necessary  for  a stressed  system  to  recover  from  an  event. 

Concentrations  of  inorganic  compounds  in  site  surface  waters 
have  exceeded  the  acute  standards  on  a monthly  basis, 
effectively  eliminating  any  recovery  period.  However, 
aquatic  life  is  still  present  at  the  site.  Fish  samples 
taken  from  the  Wildlife  Ponds  (although  not  indicative  of 
the  population  due  to  small  sample  size)  did  not  appear  to 
have  higher  than  naturally  occurring  levels  of  arsenic, 
cadmium,  copper  or  zinc  in  muscle  tissue.  Liver  tissue  did 
appear  to  be  bioconcentrating  cadmium,  copper,  and  zinc  over 
ambient  water  concentrations  and  differentially  in  the  body, 
(liver  as  opposed  to  muscle) . Stress  on  aquatic  life  (fish 
species)  could  manifest  itself  as  reduced  growth,  reduced 
fertility,  general  enfeeblement  resulting  in  increased 
morbidity  and/or  mortality.  Reports  from  MDFWP  do  not 
indicate  that  the  aquatic  ecosystem  is  exhibiting  stress; 
trout  are  large  (3  to  10  lb.),  invertebrates  are  present, 
and  according  to  MDFWP,  the  system  appears  to  be  self- 
sustaining  (Hadley,  1988) . No  formal  studies  have  been 
performed  on  the  aquatic  ecosystem  to  make  conclusive 
statements,  but  the  system  appears  to  have  stabilized  under 
current  conditions. 

The  Mill-Willow  Bypass  supports  a fishery  primarily  of 
suckers  upstream  of  the  outflow  from  the  ponds.  Again, 
primarily  copper  and  zinc  concentrations  (Phase  I RI  data) 
exceeded  acute  ambient  water  quality  criteria.  The  presence 
or  absence  of  invertebrate  organisms  is  not  known.  Algae  do 
occur  in  the  bypass,  although  with  limited  diversity.  The 
apparent  lack  of  a diverse  aquatic  ecosystem  in  the  bypass 
suggests  that  the  bypass  is  negatively  impacted. 
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Currently,  the  aquatic  ecosystem  of  the  Clark  Fork  River 
immediately  downstream  of  the  site  is  adversely  impacted  by 
contaminants  originating  from  the  site  during  high  flows  and 
precipitation  events.  These  types  of  events  have  resulted 
in  fish  kills  in  the  Clark  Fork.  It  has  been  hypothesized 
by  MDFWP  that  the  metal  salts  along  the  bypass  are 
solubilized  and  transported  downstream  where  fish  kills 
result.  However,  it  is  not  known  if  acute  concentrations  of 
contaminants  are  directly  responsible  for  fish  kills,  if 
high  concentrations  of  metals  stimulate  mucous  secretions 
which  clog  the  gills,  or  if  high  suspended  particulates, 
rich  in  metals  concentrations,  clog  the  gills. 

Potential  Future  - Catastrophic  Events 

Potential  future  impacts  to  the  aquatic  ecosystem  of  the 
ponds,  the  bypass,  and  downstream  of  the  site  would  occur  if 
the  dams  failed  during  a flood  event  or  earthquake.  A flood 
of  the  100-year  (or  PMF)  magnitude  may  cause  failure  of  one 
or  more  berms.  An  event  of  this  type  would  eliminate 
aquatic  life  in  the  pond  system.  Massive  quantities  of 
sediments  would  be  transported  from  the  pond  system  and  the 
Mill-Willow  Bypass  downstream  into  the  Clark  Fork.  Large 
quantities  of  sediment  would  also  be  transported  from 
upstream  sites  into  the  Mill-Willow  Bypass.  The  scouring 
effects  of  such  massive  sediment  movement  would  adversely 
impact  the  aquatic  habitat  for  miles.  Increased 
particulates  in  the  water  column  would  be  detrimental  to 
fish  and  other  aquatic  life.  Riparian  plants  and  rooted 
emergent  plants  would  be  eliminated  by  scouring  as  would 
wetland  areas  adjacent  to  the  river.  Habitat  provided  by 
riparian  and  wetland  zones  would  be  eliminated. 

In  addition  to  catastrophic  events,  the  aquatic  ecosystem  of 
the  Clark  Fork  could  continue  to  undergo  perturbations  from 
site  contaminants  during  high  flow  or  precipitation  events. 
The  overall  effect  on  the  system  of  intermittent  stress 
cannot  be  determined  from  data  presently  available. 

TERRESTRIAL  ENVIRONMENT 


Information  presented  in  the  toxicity  profiles  and 
additional  data  presented  in  the  East  Helena  Hazard  Criteria 
Study  (CH2M  HILL,  1987)  indicate  that  concentrations  of 
contaminants  in  the  soils  and  sediments  should  not  support 
plant  life  at  the  site.  However,  several  plant  communities 
exist  at  the  site  including  wetland  communities  growing  in 
the  Zone  A sediments  and  vegetation  growing  in  the  channel 
and  floodplains  of  the  Mill-Willow  Bypass.  The  vegetation 
types  of  the  site  are  depicted  in  Figure  2-4. 

According  to  the  East  Helena  study  (U.S.  EPA,  1987f) , 
arsenic  above  100  ppm  total  concentration  in  the  soil  will 
reduce  crop  yield.  Organic  matter  and  soil  texture  will 
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influence  the  toxicity  of  arsenic  to  plants.  Cadmium,  at 
concentrations  of  100  ppm  (total)  can  cause  reduced  yield 
and  at  concentrations  between  50  and  100  ppm  can  enter  the 
food-chain  through  plant  uptake  with  subsequent  ingestion  by 
organisms.  At  a pH  greater  than  6.5,  copper  availability 
is  reduced,  however,  concentrations  of  100  to  500  ppm  are 
considered  phytotoxic.  The  "safe"  level  reported  in  the 
East  Helena  study  was  100  mg/kg  (U.S.  EPA,  1987g) . No 
significant  reductions  in  yield  occur  with  crops  grown  on 
soil  containing  1000  ppm  lead.  Therefore,  this  level  was 
used  in  the  East  Helena  study  as  the  lead  criteria.  The 
silver  level  was  set  at  2 ppm  and  the  zinc  level  at  200  ppm, 
although  zinc  concentrations  can  reach  600  ppm  for  some 
species  before  yield  is  reduced  (U.S.  EPA,  1987f  and  1987g) . 

Copper,  silver,  and  zinc  concentrations  in  exposed  sediments 
of  the  pond  system  exceed  the  criteria  established  in  the 
East  Helena  study  for  total  contaminant  concentrations  in 
soil.  Arsenic,  copper,  silver,  and  zinc  concentrations 
exceed  these  same  criteria  in  the  vegetated  floodplain  and 
channel  sediments  of  the  Mill-Willow  Bypass.  No 
productivity  studies  have  been  done  on  site  vegetation; 
therefore,  no  statements  can  be  made  on  the  impact  of 
contaminants  to  vegetation  productivity. 

Many  bird  species  use  the  ponds  for  habitat  and  foraging. 

The  potential  exists  for  birds  to  accumulate  contaminants 
through  the  food  chain  as  many  of  the  contaminants  will 
bioconcentrate  in  plants  and  aquatic  organisms.  The  total 
accumulation  of  contaminants  in  birds,  other  than  waterfowl, 
cannot  be  determined  as  no  biological  samples  other  than 
fish  and  waterfowl  have  been  collected  from  the  site. 
Waterfowl  appear  to  concentrate  contaminants  over  ambient 
conditions,  however,  the  concentrations  in  tissue  are  not 
greater  than  those  found  in  waterfowl  from  other  areas  in 
Montana.  No  impacts  to  the  waterfowl  population  have  been 
detected  by  MDFWP  (Gallager,  1988) . The  presence  of  a 
nesting  pair  of  osprey  in  the  pond  area  indicates  that  the 
area  may  not  (now  or  yet)  be  adversely  impacted  by 
contaminants,  as  least  to  this  level  of  predator.  The 
ospreys  primary  food  source  is  fish,  and  therefore,  they 
would  be  exposed  to  the  level  of  contaminant  within  the  fish 
(fillets  and  liver  alike).  Ospreys  are  known  to  be  affected 
by  the  presence  of  pesticides  in  fish  (for  example,  DDT).  A 
decline  in  osprey  populations  due  to  reduced  reproductive 
success  has  been  observed  in  other  areas  in  response  to 
pesticides  ingested  from  fish  tissue  (Kendall,  1982) . If 
site  contaminants  were  adversely  impacting  this  level  of 
predator,  at  least  on  an  acute  level,  MDFWP  personnel  at  the 
site  would  have  noticed.  Chronic  impacts  may  be  occurring; 
however,  chronic  impacts  to  wildlife  receptors  are  very 
difficult  to  detect,  let  alone  measure.  Chronic  impacts  may 
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result  in  increased  predation  on  the  impacted  species, 
impairment  of  health,  or  disturbance  of  reproductive  cycles, 
and  are  not  readily  measurable  (Kendall,  1982) . 

Mammals  also  utilize  the  ponds  for  habitat  and  foraging, 
feeding  on  both  vegetation  and  aquatic  biota.  The  potential 
exists  to  accumulate  contaminants  through  the  food  chain  as 
many  of  the  contaminants  bioconcentrate  (arsenic,  beryllium, 
lead,  mercury,  selenium,  etc.).  The  total  accumulation  of 
contaminants  in  mammals  cannot  be  determined  as  no 
biological  samples  other  than  fish  and  waterfowl  have  been 
collected  from  the  site.  The  current  impact  to  terrestrial 
life  from  contaminants  at  the  site  cannot  be  determined. 
According  to  employees  of  MDFWP,  ground  squirrels  and  mice 
have  returned  to  the  pond  area  within  the  last  three  years 
(Gallager,  1988) . This  may  indicate  that  the  ecosystem  has 
improved  enough  to  allow  the  return  of  ground-dwelling 
animals . 

Potential  future  impacts  to  the  terrestrial  ecosystem  of  the 
site  could  result  from  catastrophic  events  at  the  ponds  as 
described  above  for  the  aquatic  ecosystem.  Habitat  would  be 
eliminated,  food  and  water  sources  would  be  affected,  and  in 
general,  the  ecosystem  would  be  severely  impacted. 
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Section  8 

UNCERTAINTIES  AND  LIMITATIONS 


1 


A risk  assessment  involves  the  use  of  both  scientifically 
verifiable  data  and  a set  of  subjective  assumptions.  The 
accuracy  of  the  assessment  is  influenced  by  the  degree  of 
uncertainty  present  in  both  site  data  and  toxicological  data 
and  in  the  assumptions.  Table  8-1  presents  a list  of 
uncertainties  and  the  potential  general  effect  those 
uncertainties  have  on  the  resulting  risk. 

Intake  estimates  are  a large  source  of  uncertainty  in  risk 
assessment.  The  intakes  presented  in  this  assessment  were 
obtained  from  values  in  the  literature  and  at  times,  scaled 
to  reflect  what  may  actually  occur  at  the  site.  Many 
estimates  of  intake  are  not  based  on  valid  scientific  data, 
but  are  estimates  of  researchers.  However,  some  such  as 
inhalation  rates,  are  measured.  Modification  of  the  intake 
estimates  (those  not  actually  measured)  further  reduces 
their  'accuracy'.  For  instance,  the  50  ml  of  surface  water 
ingested  through  a swim  event  by  children  is  not  a measured 
intake.  It  is  an  estimate.  This  value  was  based  on 
children  swimming  for  an  hour  with  90%  immersion.  Adults 
wading  into  creeks  or  contacting  surface  water  through 
recreational  activities  would  not  ingest  the  same  quantity 
as  an  immersed  child,  therefore,  the  estimate  was  scaled 
down  to  reflect  a different  age  group  and  different 
activities.  The  alternative  to  using  estimates  is  to  not 
quantify  an  intake  pathway  which  leads  to  qualitative 
statements  on  risk.  Although  using  estimates  adds 
uncertainty  to  the  assessment,  it  presents  a means  of 
comparing  the  contribution  of  each  pathway  to  an  exposure 
scenario. 

In  addition,  risk  does  not  appear  to  be  highly  sensitive  to 
a variation  in  the  intake  rate,  within  the  range  of  intake 
used  in  this  assessment.  When  average  and  maximum  reported 
exposure  point  concentrations  are  similar,  the  maximum 
plausible  and  most  probable  intake  produce  similar  risk. 
Contaminant  concentration  appears  to  have  the  greatest 
effect  on  the  resulting  risk. 

Limitations  on  the  toxicological  data  base  present 
uncertainties  in  the  risk  assessment  process.  If  toxicity 
information  were  available  on  all  constituents  present  at 
the  site,  for  both  humans  and  environmental  receptors,  and 
the  interactions  between  inorganic  constituents  were  known, 
the  resulting  risks  would  be  more  fine  tuned  than  those 
possible  at  this  time.  Ecological  risk  is  not  quantified  at 
this  time.  This  may  limit  the  accuracy  and  completeness  of 

»this  assessment,  but  it  is  not  likely  that  the  overall 
conclusions  of  environmental  impact  would  change. 
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APPENDIX  A TABLE  8-1 

PARAMETERS  WHICH  PRESENT  UNCERTAINTIES  AND  THE  QUALITATIVE  ESTIMATION  OF  THEIR  EFFECT 


PARAMETER  PRESENTING  UNCERTAINTY 


GENERAL  TOXICOLOGY  PARAMETERS 

Cancer  potencies  are  based  on  the  upper  95th 
percentile  slope  which  represents  the  upper 
bound  estimate. 

Cancer  potencies  and  RfDs  (or  AICs)  are 
primarily  derived  using  lab  animals  and  when 
available,  human  occupational  studies. 
Extrapolation  of  data  from  one  species  to 
another,  from  high  to  low  dose,  and/or  from 
one  exposure  route  to  another  must  be  made. 

Not  all  compounds  detected  at  the  site  have 
toxicity  information  with  which  to  evaluate 
their  contribution  to  the  overall  risk. 

Not  all  cancer  potency  factors  or  RfDs  (or 
AICs)  used  represent  the  same  degree  of 
certainty. 

Risks  are  assumed  to  be  additive.  Synergistic 
or  antagonistic  actions  are  not  accounted  for. 

Absorption  is  assured  to  be  the  same  as  used 
in  deriving  quantitative  toxicity  factor, 
except  for  arsenic  through  inhalation. 

Actual  bioavailable  material  may  be 
substantially  less. 

SITE  DATA 

Meteorological  data  specific  to  the  site  was 
not  available.  Modeling  used  very  conservative 
assumptions  which  resulted  in  unrealistically 
high  particulate  levels.  Particulates  may 
be  two  orders  of  magnitude  greater  than  that 
actually  present. 

Pond  bottom  samples  were  averages  of  all  zones, 
not  just  the  upper  inches  where  contact  is 
most  likely  to  occur. 

Limited  nunber  of  biotic  samples  taken. 

Data  not  available  from  all  media  at  all 
exposure  point  locations. 


EFFECT  ON  RESULTING  RISK 


OVER  UNDER 

ESTIMATE  ESTIMATE  EITHER  WAY 


X 


X 


X 


X 


X 


X 


X 


X 


X 

X 
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APPENDIX  A TABLE  8-1,  continued 


PARAMETER  PRESENTING  UNCERTAINTY 


EFFECT  ON  RESULTING  RISK 


OVER  UNDER 

ESTIMATE  ESTIMATE  EITHER  UAY 


EXPOSURE  ASSUMPTIONS 


Exposure  to  and  concentrations  of  contaminants  X 

at  exposure  points  is  held  constant  over  (May  not  be  unreasonable  for  metals) 

the  exposure  period. 


The  assumptions  regarding  body  weight, 
average  exposure  period,  intake  of  media, 
receptor  characteristics  and  lifestyle  may 
not  be  representative  of  the  population  at 
the  site.  It  is  doubtful  that  exposures 
would  occur  for  the  length  of  time  estimated. 

Intake  of  contaminants  does  not  account  for 
sources  other  than  media  at  the  site.  Persons 
using  the  ponds  for  recreation  may  be  exposed 
to  contaminants  at  their  homes  if  they  come 
from  areas  other  than  Warm  Springs. 

Indoor  dust  exposure  were  not  explicitly 
considered  in  the  residential  scenario. 

However,  a 24-hr  exposure  duration  was  used 
to  account  for  indoor  dust  exposure  (indoor 
dust  concentrations  are  approximately  80% 
of  outdoor  concentrations). 

Precipitation  and  wind  direction  are  not 
accounted  for  in  the  residential  inhalation 
exposure  pathway.  Wind  would  not  continually 
blow  in  one  direction  and  actual  airborne 
concentrations  would  be  less  than  those  modeled. 


X 


X 


X 


X 


Use  of  a single  permeability  constant  for  X 

dermal  absorption  through  surface  water. 

Not  quantifying  all  pathways  of  exposure.  For  X 

example,  ingestion  of  household  dust,  dermal 
absorption  from  sediments,  etc. 
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Appendix  B:  MDHES  and  USEPA  Determination  of  ARARs 


APPENDIX  B 


MDHES  AND  USEPA  DETERMINATIONS  OF  ARARs 


MDHES  DETERMINATION  OF  ARARs 


UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
REGION  VIII,  MONTANA  OFFICE 
FEDERAL  BUILDING,  301  S.  PARK,  DRAWER  10096 
HELENA,  MONTANA  59626-0096 


Ref:  8RCMO 


MEMORANDUM 


SUBJECT: 


Approval  of  State  identified  Applicable  or 
Relevant  and  Appropriate  Requirements. 


FROM: 


Scott  Brown 

Remedial  Project  Manager 
Silver  Bow  Creek  NPL  Site 


TO: 


Kathy  DeMarinis 
State  Project  Officer 
Silver  Bow  Creek  NPL  Site 


The  Environmental  Protection  Agency  ( EPA ) has  reviewed  the 
State  of  Montana's  (State)  submittal  of  State  standards, 
limitations,  or  criteria  which  the  State  has  identified  as 
applicable  or  relevant  and  appropriate  to  the  Silver  Bow  Creek, 
Warm  Springs  Ponds  operable  unit  cleanup,  pursuant  to  section 
121(d)  of  CERCLA,  42  U.S.C.  § 9621(d).  Pursuant  to  EPA  draft 
guidance,  CERCLA  Compliance  with  State  Requirements,  February  13, 
1989,  EPA  preliminarily  approves  of  these  requirements,  with  the 
following  conditions: 

1 . The  State  has  identified  a number  of  policy  statements  in 
statutes  and  regulations.  EPA  understands  that  the  State  does 
not  intend  to  construe  these  statements  to  require  anything 
beyond  the  specific  numeric  or  action  statutory  or  regulatory 
provisions  which  follow  the  identification  of  the  policy 
statements . 

2.  The  State  has  identified  a number  of  requirements  promulgated 
by  the  State,  as  part  of  delegated  or  authorized  federal 
programs.  Because  these  requirements  are  for  the  most  part 
identical  to  the  federal  counterpart  requirements,  they  are 
accepted  as  valid  ARARs  as  stringent  as  the  identified  federal 
ARAR  counterparts,  enforceable  by  both  the  State  and  the  federal 
government . 

A final  determination  of  both  State  and  federal  ARARs  will 
occur  in  the  Record  of  Decision  for  the  Warm  Springs  Ponds 
operable  unit. 

A second  list  of  State  standards,  requirements,  limitations, 
or  criteria  has  been  identified  by  the  State.  EPA  has  not 
approved  of  these  requirements  as  ARARs,  as  that  term  is  defined 
in  section  121(d)  of  CERCLA,  42  U.S.C.  § 9621(d),  but  does 


recognize  that  they  form  a useful  basis  for  identifying  an 
acceptable  remedial  design  plan  and  submittals,  or  otherwise  may 
affect  the  conduct  of  the  remedial  design  and  remedial  action  at 
the  site. 
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THE  STATE  OF  MONTANA 


IDENTIFICATION  OF  ARARS 
WARM  SPRINGS  PONDS  OPERABLE  UNIT 
SILVER  BOW  CREEK  NPL  SITE 


INTRODUCTION 

Remedial  actions  undertaken  pursuant  to  Superfund  must  satisfy 
applicable  or  relevant  and  appropriate  state  and  federal 
requirements  ("ARARs").  ARARs,  with  few  exceptions,  serve  as 
threshold  criteria  for  site  cleanup.  In  this  portion  of  Appendix 
E,  Montana  has  identified  applicable  or  relevant  and  appropriate 
State  statutory  and  regulatory  requirements  for  the  Warm  Springs 
Ponds  Operable  Unit.  Montana's  ARARs  may  be  narrowed  to  address 
specifically  the  remedy  that  is  selected.  Remedy  selection  and, 
therefore,  ARARs  refinement  will  be  presented  in  the  Record  of 
decision.  As  provided  by  Section  121  of  CERCLA,  42  U.S.C.  § 9621, 
where  more  than  one  ARAR  applies  to  a contaminated  medium  or 
cleanup  activity,  the  more  stringent  standard,  requirement, 
criteria  or  limitation  will  apply. 

A distinction  exists  between  '’applicable"  requirements  and 
those  that  are  "relevant  and  appropriate."  "Applicable" 

requirements  are  those  requirements  that  would  legally  apply  at  the 
site  regardless  of  the  CERCLA  action.  "Relevant  and  appropriate" 
requirements  are  those  requirements  that  are  not  applicable,  but 
address  situations  or  problems  sufficiently  similar  to  those  at  the 

site  and,  therefore,  are  well  suited  for  use  at  the  site.1 
Attainment  of  both  "applicable"  as  well  as  "relevant  and 

9 

appropriate"  requirements  is  equally  mandatory  under  Superfund. ~ 

ARARs  have  been  grouped  into  three  categories:  chemical- 

specific,  action- specif ic , and  location- speci fic . Chemical- 

specific  ARARs  include  those  laws  and  regulations  governing  the 
release  to  the  environment  of  materials  possessing  certain  chemical 
or  physical  characteristics  or  containing  specific  chemical 
compounds.  Chemical-specific  ARARs  generally  set  health-  or  risk- 
based  numerical  values  or  methodologies  which,  when  applied  to 
site-specific  conditions,  result  in  the  establishment  of  numerical 
values.  These  values  establish  the  acceptable  amount  or 

concentration  of  a chemical  that  may  be  found  in,  or  discharged  to. 


CERCLA  § 121(d)(2)(A),  42  U.S.C.  § 9621(d)(2)(A);  40  C.F.R. 
300.6  (1987).  See  also , Memorandum  on  CERCLA  Compliance  With 
Other  Laws,  50  Fed.  Reg.  47,946,  47,947  (Nov.  20,  1985);  and 
USEPA,  1988a. 
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Id. 
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the  ambient  environment.  Location  specific  ARARs  are  restrictions 
placed  on  the  concentration  of  hazardous  substances  or  the  conduct 
of  cleanup  activities  because  they  are  in  specific  locations. 
Location- speci fic  ARARs  relate  to  the  geographic  or  physical 
position  of  the  site,  rather  than  to  the  nature  of  the  site 
contaminants.  Lastly,  action- speci fic  ARARs  are  usually 

technology-  or  activity-based  requirements  or  limitations  on 
actions  taken  with  respect  to  hazardous  substances.  A particular 
remedial  activity  will  trigger  an  action-specific  ARAR.  Unlike 
chemical- specif ic  and  location- specif ic  ARARs,  action- speci fic 
ARARs  do  not,  in  themselves,  determine  the  remedial  alternative. 
Rather,  action-specific  ARARs  indicate  how  the  remedy,  once 
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selected,  must  be  achieved. 

In  addition  to  ARARs,  the  NCP  states  that  "pertinent  other 
federal  criteria,  advisories,  and  guidance  and  Srate  standards  will 
be  considered  and  may  be  used  in  developing  alternatives,  with 

adjustments  for  site-specific  circumstances. Montana  has 
identified  certain  such  criteria,  advisories  and  guidance  "to  be 
considered"  to  ensure  protection  of  human  health  and  the 
environment  (also  known  as  "to  be  considereds"  or  "TBCs").  These 
TBCs  are  identified  in  a separate  list  following  Montana's  ARARs 
identification . 

Superfund  defines  as  ARARs  only  federal  environmental  laws  and 
state  environmental  or  facility  siting  laws.  Remedial  design, 
implementation,  operation  and  maintenance  must,  nevertheless, 
comply  with  ail  other  applicable  laws,  both  state  and  federal. 
Many  such  laws,  while  not  strictly  environmental  or  facility  siting 
laws,  have  environmental  impacts.  The  State  of  Montana  has 
identified,  in  a separate  list  attached  to  the  State's  ARARs  list, 
a non-comprehensive  identification  of  state  law  requirements  to  be 
incorporated  in  the  record  of  decision,  during  remedial  design,  or 
for  remedy  implementation,  operation  or  maintenance. 

MONTANA  CHEMICAL-SPECIFIC  ARAR 1 S 

1.0.  Surface  Water . 

1.1.  General  Discussion. 

Chemical-specific  ARARs  for  surface  waters  at  Superfund  sites 
in  Montana  are  established  by  several  state  statutory  and 
implementing  regulatory  programs.  Each  such  ARAR  specifies  numeric 
values  by  which  to  measure  water  quality. 


USEPA,  1988a. 


42  C. F . R.  § 300 . 68( l ) ( 4) . 
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Specifically,  pursuant  to  the  Montana  Water  Quality  Act  and 
regulations,  the  streams  throughout  the  State  of  Montana  have  been 
classified  in  accordance  with  their  present  and  future  most 
beneficial  uses.  The  beneficial  uses  considered  in  classifying 
stream  segments  include  use  of  the  water  for  public  water  supplies 
(i.e.,  drinking  waier) , wildlife,  fish  and  aquatic  life, 
agriculture,  industry,  and  recreation.  Each  classification 
specifies  ambient  contaminant  concentration  limits  which  may  not  be 
exceeded  in  the  surface  water.  These  limits  are  designed  to 
protect  the  beneficial  uses  designated  for  that  particular  stream 
segment.  Additionally,  the  Montana  Water  Quality  Act  establishes 
the  State's  policy  of  non-degradation  to  protect  surface  water  for 
present  and  anticipated  beneficial  uses.  Point  source  discharges 
to  Montana  waters  are  subject  to  each  of  these  water  quality 
protections.  The  ARARs  established  pursuant  to  the  Montana  Water 
Quality  Act  and  regulations  are  legally  applicable  at  the  site. 

The  Public  Water  Supplies  Act  and  regulations  establish  water 
quality  standards  for  drinking  water.  Because  water  within  the 
Warm  Springs  Ponds  and  those  portions  of  Mill,  Willow  and  Silver 
Bow  Creeks  within  the  Warm  Springs  Ponds  operable  unit  may  be  used 
in  the  future  as  a drinking  water  source,  the  drinking  water 
standards  are  relevant  and  appropriate  cleanup  standards  for  the 
operable  unit. 

Compliance  with  surface  water  ARARs  will  be  measured  at  two 
sets  of  locations.  First,  compliance  with  the  more  stringent  of 
ambient  water  quality  standards  and  drinking  water  standards  will 
be  measured  at  the  confluence  of  the  Ponds  system  with  Warm  Springs 
Creek.  The  confluence  connotes  the  defined  beginning  of  the  Clark 
Fork  River.  Second,  regarding  point  source  discharges  into  surface 
waters,  the  remedial  alternatives  include  discharge  options  at 
several  locations.  Point  source  discharges  to  surface  waters  are 
not  entitled  to  a mixing  zone.  Rather,  authorization  to  use  a 
mixing  zone  is  solely  at  the  discretion  of  MDHES.  Historically,  use 
of  a mixing  zone  has  not  been  allowed  for  discharges  of  toxic  or 
deleterious  substances.  In  those  cases,  the  point  of  compliance  is 
the  point  of  discharge.  The  metals  of  concern  at  the  site  are 
toxic  or  deleterious  substances,  thus,  the  point  of  compliance  for 
all  point  source  discharges  will  be  at  or  near  the  point  of  each 
such  discharge. 

The  standards  and  requirements  of  each  of  the  surface  water 
quality  ARARs  is  set  forth  in  greater  detail  below. 

1.2.0.  The  Montana  Water  Quality  Act. 

Section  75-5-303  (Relevant  and  Appropriate).  This  section 
establishes  Montana's  standard  for  nondegradation  of  water  quality. 
It  applies  to  surface  waters,  the  quality  of  which  is  higher  than 
the  established  water  quality  standards  and  is  designed  to  maintain 
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All  statutory  citations  are  to  the  Montana  Code  Annotated. 


existing  high  water  quality.  The  policy  does  not  require  total 
elimination  of  water  pollutants,  but  is  designed  to  protect  high 
quality  waters  by  reducing  or  precluding  further  discharges  or 
degradation.  The  nondegradation  policy  is  legally  applicable  to  new 
or  increased  sources  of  pollution.  Though  the  Warm  Springs  Ponds 
discharge  is  an  existing  pollution  source,  the  situation  is 
sufficiently  similar  to  discharges  governed  by  this  provision  that 
the  nondegradation  requirement  is  relevant  and  appropriate  to  the 
discharges  to  be  remediated  at  the  Warm  Springs  Ponds. 

1.2.1.  Regulations  Establishing  Ambient  Surface  Water  Quality 
Standards . 

7 

Section  16 . 20 . 604 ( 1 ) ( e ) (Applicable).  Pursuant  to  this 
section,  the  Clark  Fork  River  mainstem,  from  Warm  Springs  Creek  to 
Cottonwood  Creek,  near  Dear  Lodge,  is  classified  "C-2"  for  water 
use.  This  provision  is  applicable  because  water  treated  in  the 
Warm  Springs  Ponds  System  becomes  the  Clark  Fork  River  at  its 
confluence  with  Warm  Springs  Creek. 

Section  16.20.622  (Applicable).  The  C-2  classification  means 
that  waters  so  classified  are  "suitable  for  bathing,  swimming,  and 
recreation;  growth  and  marginal  propagation  of  salmonid  fishes  and 
associated  aquatic  life,  waterfowl,  and  furbearers;  and 
agricultural  and  industrial  water  supply."  By  reference  to  the  EPA 
"Gold  Book"  criteria,  the  C-2  classification  imposes  the  following 
specific  ambient  water  quality  standards  to  ensure  that  appropriate 
water  quality  is  maintained  for  the  listed  uses: 

1.  Concentrations  of  toxic  or  deleterious 
substances  may  not  exceed  the  following  levels  to 
protect  aquatic  life: 

Acute  Chronic 
Constituent Level  (mg/1) Level  (mg/1) 


Arsenic 

(III) 

0.36 

0. 19 

Arsenic 

(V) 

0.85 

0.048 

Cadmium 

0 . 0039* 

0 . 0011* 

Copper 

0 . 018* 

0 . 012* 

I ron 

— 

1 . 0 

Unless  otherwise  specified,  all  regulatory  citations  are  to 
the  Administrative  Rules  of  Montana. 
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Lead 

0 . 082* 

0.0032* 

Mercury 

0 . 0024 

0.000012 

Selenium 

0.28 

0.036 

Si lver 

0 . 0041* 

0.00012 

Zinc 

0 . 12* 

0. 11* 

*A  water  hardness  of  100  mg/1  is 
hardness  dependent  criteria. 

assumed  for  these 

2.  Concentrations  of  toxic  or  deleterious 
substances  may  not  exceed  the  following  levels  to 
protect  public  health  from  ingestion  of 
contaminated  water  and  fish: 

Constituent 

Water  and 
Ingestion 

Fish 

Fish  Consumption 
Only 

Arsenic 

2.2  ng/1* 

17.5  ng/1* 

Cadmium 

10.0  ug/1 

— 

I ron 

0 . 3 mg/1 

— 

Lead 

50.0  ug/1 

— 

Mercury 

144.0  ng/1 

146.0  ng/1 

Selenium 

10.0  ug/1 

— 

Silver 

50.0  ug/1 

— 

mg/1  equals  milligrams  per  liter. 
ug/1  equals  micrograms  per  liter. 
ng/1  equals  nanograms  per  liter. 

^Values  presented  represent  a human  risk  level  of  1 
x 10-6  based  on  human  health  criteria  for 

carcinogens . 


3.  Moreover,  concentrations  of  toxic  or 
deleterious  substances  may  not  exceed  levels  which 
render  the  waters  harmful,  detrimental,  or 
injurious  to  public  health. 

4.  Dissolved  oxygen  concentration  may  not  be 
reduced  below  7.0  mg/1  from  October  1 through  June 
1,  nor  below  6.0  mg/1  from  June  2 through  September 
30. 
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5.  Induced  variation  of  pH  within  the  range 
of  6.5  to  9.0  must  be  less  than  0.5  pH  unit. 
Natural  pH  outside  this  range  must  be  maintained 
without  change.  Natural  pH  above  7.0  must  be 
maintained  above  7.0. 

6.  The  maximum  allowable  increase  above 
naturally  occurring  turbidity  is  10  nephelometric 
turbidity  units  except  for  short-term  construction 
or  hydraulic  projects,  game  fish  population 
restoration,  as  permitted  in  ARM  16.20.633. 

7.  A 1°F  maximum  increase  above  naturally 
occurring  water  temperature  is  allowed  within  the 
range  of  32°F  to  66°F;  within  the  naturally 
occurring  range  of  66°F  to  66.5°F,  no  discharge  is 
allowed  which  will  cause  the  water  temperature  to 
exceed  b7°F;  and  where  the  naturally  occurring 
water  temperature  is  66.5°F  or  greater,  the  maximum 
allowable  increase  in  water  temperature  is  0.5°F. 
A 2°F-per-hour  maximum  decrease  below  naturally 
occurring  water  temperature  is  allowed  when  the 
water  temperature  is  above  55°F,  and  a 2°F  maximum 
decrease  below  naturally  occurring  water 
temperature  is  allowed  within  the  range  of  55°F  to 
32  0 F . 


8.  No  increases  are  allowed  above  naturally 
occurring  concentrations  of  sediment,  settleabie 
solids,  oils,  or  floating  solids  which  will  or  are 
likely  to  create  a nuisance  or  render  the  waters 
harmful,  detrimental,  or  injurious  to  public 
health,  recreation,  safety,  welfare,  livestock, 
wild  animals,  birds,  fish,  or  other  wildlife. 

9.  True  color  must  not  be  increased  more 
than  5 units  above  naturally  occurring  color. 

1.2.2.  Regulations  Establishing  Ambient  Surface  Water  Quality 
Non-Degradation  Requirements . 

Section  16.20.702  (Relevant  and  Appropriate).  Any  activity  of 
man  which  would  cause  a new  or  increased  source  of  pollution  to 
State  waters  is  subject  to  Montana's  nondegradation  policy. 
However,  if,  based  on  necessary  economic  or  social  development, 
degradation  may  be  allowed,  "in  no  event  may  degradation  of  state 
waters  interfere  with  or  become  harmful,  detrimental  or  injurious 
to  public  health,  recreation,  safety,  welfare,  livestock,  wild 
birds,  fish  and  other  wildlife  or  other  beneficial  uses."  This 
section  is  applicable  to  all  new  and  increased  sources  of 
pollution.  Though  the  Warm  Springs  Ponds  discharge  is  existing, 
this  requirement  is  relevant  and  appropriate  because  it  regulates 
situations  similar  to  that  at  the  Ponds.  Thus,  this  section 
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prohibits  degradation  of  the  Clark  Fork  River  by  the  discharge  from 
the  Warm  Springs  Ponds  system.  Compliance  with  the  numeric  water 
quality  standards  identified  in  section  1.2.1  should  meet  the 
requirements  of  this  provision. 

1.3.0.  Regulations  Establishing  Surface  Water  Quality 
Standards  For  Point  Source  Discharges. 


Section  16.20.622  (Applicable).  Any  point-source  discharges 
from  the  Warm  Springs  Ponds  are  subject  to  the  same  numeric 
limitations  set  out  in  section  16.20.622,  above.  These  numeric 
standards  must  be  met  when  stream  flows  equal  or  exceed  the  minimum 
consecutive  7-day  average  flow,  which  may  be  expected  to  occur  on 
the  average  of  once  in  ten  years. 


Section  16.20.631  (Applicable).  This  section  imposes  waste 
treatment  requirements  for  point  source  discharges,  to  restore  and 
maintain  the  quality  of  surface  water  to  applicable  water  use 
classifications.  Treatment  standards  are  based  on  the  State's 
policy  of  non-degradation,  and  present  and  anticipated  beneficial 
uses  of  the  receiving  waters.  This  section  incorporates  federal 
effluent  standards  for  point  source  discharges,  by  reference,  and 
requires  that  industrial  waste  must  receive,  at  a minimum 
treatment  equivalent  to  the  best  practicable  control  technology 
available,  as  defined  in  40  C.F.R.  Chapter  N and  subsequent 
amendments,  or,  where  not  defined,  a minimum  of  secondary  treatment 
or  the  equivalent.  The  pertinent  federal  provision,  40  C.F.R. 
§ 440.104,  for  ore  mining  and  dressing  effluents,  establishes  the 
following  effluent  standards: 

Average  Of  Daily 

Maximum  For  Any  Values  For  30 

One  Day  Consecutive  Days 

Constituent ( ppm  ) ( ppm ) 


Copper 

0 . 30 

0. 15 

Zinc 

1 . 5 

0 . 75 

Lead 

0 . 6 

0 . 30 

Cadmium 

0. 10 

0 . 05 

Mercury 

0.002 

0.001 

1.4.0.  The 

Public  Water  Supplies  Act. 

Section  75-6-101  (Applicable).  This  provision  establishes 
applicable  public  policy  of  Montana  to  "protect,  maintain,  and 
improve  the  quality  and  potability  of  water  for  public  water 
supplies  and  domestic  uses."  For  policy  compliance,  the  numeric 
standards  identified  in  section  1.4.1  must  be  met. 


1.4.1. 


Public  Water  Supplies  Regulations. 


Sections  16.2C.203  (Relevant  and  Appropriate).  This  section 
establishes  maximum  contaminant  levels  ("MCL's")  for  inorganic 
chemicals  in  community  water  systems.  MCL's  are  based  upon  best 
available  technology  or  treatment  techniques,  taking  cost  into 
consideration.  Because  water  within  the  operable  unit  is  not 
currently  a drinking  water  source,  but  may  be  in  the  future,  the 
following  MCL's  are  not  legally  applicable  but  are  relevant  and 
appropriate : 

Consti  tutent Level  (mg/1) 


Arsenic 

0.05 

Cadmium 

0.010 

Lead 

0.05 

Mercury 

0.002 

Selenium 

0.01 

Silver 

0.05 

Section  16.20.205 

(Relevant  and  Appropriate).  1 

ls  section 

establishes  the  maximum  turbidity  contaminant  level  for  public 
water  supply  systems  which  use  surface  water  in  whole  or  in  part. 
Again,  because  waters  within  the  operable  unit  are  not  currently  a 


drinking  water  source,  but  may  be  in  the  future, 
turbidity  limitations  are  relevant  and  appropriate: 


the  following 


1.  One  turbidity  unit  ( "TU" ) , as  determined 
by  a monthly  average,  except  that  a level  not 
exceeding  5 TU  may  be  allowed  upon  a showing  that 
the  increase  will  not  interfere  with  water 
treatment  or  testing. 


2 . 5 

consecutive  days. 


TU  based 
8 


on 


an  average 


for  two 


If  results  of  turbidity  analyses  indicate  the  maximum 
contaminate  level  has  been  exceeded,  a second  sample  must  be 
taken  within  one  hour.  The  repeat  sample,  and  nor  the  initial 
one,  must  be  used  in  calculating  the  monthly  average.  ARM 
§ 16.20.205(3). 
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2.0. 


Groundwater . 


2.1.  General  Discussion. 

Analogous  to  the  classification  system  established  to  regulate 
the  quality  of  surface  waters  in  the  State  of  Montana,  the  State 
has  established  a groundwater  classification  system  to  protect  the 
present  and  future  most  beneficial  uses  of  Montana  groundwater. 
This  classification  system  is  applicable  to  groundwater  within  the 
Warm  Springs  Ponds  operable  unit.  The  Montana  groundwater 
regulations  also  include  a nondegradation  requirement. 

One  of  the  identified  beneficial  uses  of  groundwater  is  for 
drinking  water  supplies.  In  order  to  preserve  the  highest  quality 
groundwater.  Class  I and  Class  II  water,  for  drinking  water 
purposes,  the  Montana  Groundwater  Quality  Regulations  incorporate 
by  reference  the  drinking  water  MCLs . Thus,  those  portions  of  the 
Montana  MCL  provisions  set  forth  in  Secuon  1.4.1.,  above,  are 
applicable  to  groundwater  within  the  Warm  Springs  Ponds  operable 
unit . 


Compliance  with  the  foregoing  standards  will  be  monitored  for 
and  required  at  or  near  the  downgradient  side(s)  of  waste  units 
left  or  constructed  on  site.  At  a facility  with  several  units, 
compliance  may  be  required  at  the  boundary  of  each  unit  or  at  the 
boundary  of  the  most  downgradient  unit.  The  alternatives  evaluated 
in  this  FS  include  construction  of  a trench  to  capture  groundwater 
followed  by  treatment  in  the  pond  system  or  in  a newly  constructed 
wetlands.  So,  the  point  of  compliance  for  groundwater  discharges 
shall  be  at  the  downgradient  side(s)  of  the  trench  (where  wetlands 
are  not  established)  or  of  the  wetlands. 

2.2.0.  The  Montana  Water  Use  Act. 

Section  85-2-504  (Applicable).  This  section  establishes  that 
fresh  water  is  considered  suitable  for  use  for  domestic,  livestock 
or  agricultural  purposes. 

Section  85-2-505  (Applicable).  This  section  precludes  the 
wasting  or  contamination  of  groundwater.  Any  well  producing  waters 
which  contaminates  other  water  must  be  plugged  or  capped  and  wells 
must  be  constructed  and  maintained  so  as  to  prevent  waste, 
contamination,  or  pollution  of  groundwater. 

2.2.1.  Montana  Groundwater  Pollution  Control  System 
Regulations . 


Section  16.20.1002  (Applicable).  This  section  establishes 
ground  water  classifications  "to  protect  the  present  and  future 
most  beneficial  use  of  water".  Pursuant  to  this  section,  because 
specific  conductance  values  for  groundwater  in  this  area  are 
somewhat  higher  than  Class  I standards,  the  groundwater  in  the  Warm 
Springs  Ponds  operable  unit  is  classified  as  Class  II.  As  such. 
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the  groundwater,  is  marginally  suitable  for  public  and  private 
water  supplies,  culinary  and  food  processing  uses  for  irrigation  of 
some  agricultural  crops,  for  drinking  water  for  most  livestock  and 
wildlife  and  for  most  commercial  and  industrial  purposes. 

Section  16.20.1003  (Applicable).  This  section  then 
establishes  the  groundwater  quality  standards  applicable  with 
respect  to  each  groundwater  classification.  Concentrations  of 
dissolved  substances  in  Class  II  groundwater  may  not  exceed  the 
following  Montana  MCL  values  for  drinking  water  (based  on  the 
dissolved  portion,  after  filtration  through  a 0.45  micron  filter, 
of  the  contaminating  substance): 

Contaminant  Level  (in 

Constituent milligrams  per  liter  (mg/1)) 


Arsenic  0 . 05 

Cadmium  0.010 

Lead  0 . 05 

Mercury  0.002 

Nitrate  (as  N)  10.00 

Selenium  0.01 

Silver  0.05 


Moreover,  concentrations  of  other  dissolved  or  suspended  substances 
must  not  exceed  levels  which  render  the  waters  harmful,  detrimental 
or  injurious  to  public  health.  Maximum  allowable  concentrations  of 
these  substances  also  must  not  exceed  acute  or  chronic  problem 
levels  which  would  adversely  affect  existing  or  designated 
beneficial  uses  of  Class  II  groundwater. 

2.2.2.  Montana  Groundwater  Pollution  Control  System 
Nondegradation  Regulations . 

Secnon  15.20.1011  (Applicable).  Pursuant  io  this  section, 
"any  groundwater  whose  existing  quality  is  higher  than  the 
established  groundwater  quality  standards  for  its  classif ication 
must  be  maintained  at  that  high  quality,  unless  it  has  been 
affirmatively  demonstrated  . . . that  a change  is  justifiable  as  a 
result:  of  necessary  economic  or  social  development  and  will  not 
preclude  present  or  anticipated  use  of  such  waters."  Thus,  this 
section  prohibits  an  increase  in  the  concentration  of  pollutants 
which  are  currently  present  in  the  groundwater  within  the  operable 
unit.  Compliance  with  this  section  can  be  achieved  by  meeting  the 
numeric  groundwater  standards  identified  in  Section  2.2.1. 
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3 .0 


Air  Quality. 

General  Discussion. 


3.1. 


The  Clean  Air  Act  of  Montana  and  regulations  promulgated 
thereunder,  establish  emission  limitations  for  certain  pollutants. 
These  restrictions  are  applicable  at  the  Warm  Springs  Ponds 
operable  unit  during  and  after  site  cleanup.  Specifically, 
limitations  on  lead  (which  may  be  present  in  the  air  due  to  blowing 
soil  or  tailings  that  contain  lead),  particulate  matter  (dust)  and 
small  particulate  matter  (dust  smaller  than  10  microns  in  size)  are 
all  applicable  at  the  site.  Moreover,  emissions  of  airborne 
particulate  matter  from  the  operable  unit  shall  not  exhibit  an 
opacity  of  20  percent  or  greater,  averaged  over  six  consecutive 
minutes.  The  point  of  compliance  for  the  opacity  standard  is  at 
the  source.  The  point  of  compliance  for  all  other  air  emission 
limitations  is  on-site  at  the  point  of  probable  human  exposure. 


Additionally,  the  air  quality  at  the  Warm  Springs  Ponds 
operable  unit  is  better  than  National  Ambient  Air  Quality  Standards 
for  sulfur  dioxide  and  particulate  matter.  As  a result,  increased 
ambient  concentrations  above  background  levels  for  those  two 
pollutants  are  restricted. 

3.2.0.  The  Clean  Air  Act  of  Montana. 


Section  75-2-102  (Applicable), 
applicable  public  policy  of  Montana: 
levels  of  air  quality  as  will  protect 
to  the  greatest  degree  practicable. 


This  provision  establishes 
"to  achieve  and  maintain  such 
human  health  and  safety  and, 
prevent  injury  to  plant  and 


animal  life  and  property,  foster  the  comfort  and  convenience  of  the 
people,  promote  the  economic  and  social  development  of  this  state, 
and  facilitate  the  enjoyment  of  the  natural  attractions"  of  the 
State  of  Montana.  Compliance  with  this  section  can  be  achieved  by 


meeting  the 
3.2.1,  below 


numeric  ai: 


emission  standards  identified  in  Section 


3.2.1. 


Air  Quality  Regulations. 


Section  16.8.815  (Applicable).  No 
contribute  to  concentrations  of  lead  in 
exceed  the  following  90-day  average:  1 

meter  of  air. 


person  shall 
the  ambient 
.5  micrograms 


cause  or 
air  which 
per  cubic 


Section  16.8.818  (Applicable).  No  person  shal 
contribute  to  concentrations  of  particulate  matter  in 
air  such  that  the  mass  of  settled  particulate  matter 
following  30-day  average:  10  grams  per  square  meter. 


1 cause 
the  ambi 
exceeds 


or 

ent 

the 


Section 
contribute  to 
10  microns  in 
the  following 


16.8.821  (Applicable), 
concentrations  of  PM-10 
diameter  or  smaller)  in 
standard : 


No  person  may  cause  or 
(particulate  matter  that  is 
the  ambient  air  which  exceed 
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1.  24-hour  average:  150  micrograms  per  cubic 

meter  of  air,  with  no  more  than  one  expected 
exceedance  per  calendar  year. 

2.  Annual  average:  50  micrograms  per  cubic 

meter  of  air. 

Section  16.8.1401(4)  (Applicable).  This  section  precludes  the 

operation  of  a construction  site  unless  reasonable  precautions  are 
taken  to  control  emissions  of  airborne  particulate  matter. 
Moreover,  emissions  of  airborne  particulate  matter  from  any 
stationary  source  shall  not  exhibit  any  opacity  of  20  percent  or 
greater  averaged  over  six  consecutive  minutes. 

Section  16.8.925  (Applicable).  In  accordance  with  this 

section,  the  maximum  allowable  increases  over  the  baseline 
concentrations  for  sulfur  dioxide  and  particulate  matter  are  as 
follows : 

Concentrations  (in 

Constituent: micrograms  per  cubic  merer) 


Total  Suspended  Particulate  Matter 


Annual  Geometric  Mean  19 

24-hour  maximum  37 

Sulfur  Dioxide 

Annual  Arithmetic  Mean  20 

24-hour  maximum  91 

3-hour  maximum  512 


4 . 0 Occupational  Health  and  Safety. 

4.1.0.  General  Discussion. 

The  State  of  Montana  has  adopted  occupational  health  and 
safety  requirements  to  achieve  and  maintain  work  place  conditions 
that  will  protect  human  health  and  safety.  Occupational  health 
provisions  include  the  Occupational  Health  Act  of  Montana  and 
regulations  promulgated  thereunder  and  address  limitations  on  noise 
levels  and  air  contaminants  in  the  work  place. 

4.2.0.  Occupational  Health  Act  of  Montana. 

Section  50-70-102  (Applicable).  It  is  the  policy  in  the  State 
of  Montana  to  "achieve  and  maintain  such  conditions  at  the  work 
place  as  will  protect  human  health  and  safety  and,  to  the  greatest 
degree  practicable,  foster  the  comfort  and  convenience  of  the 
workers  at  any  work  place  of  this  state  and  enhance  their 
productivity  and  well  being". 
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Section  50-70-113  (Applicable).  As  established  by  this 
section,  levels,  concentrations,  or  quantities  of  emissions  must  be 
controlled  in  the  work  place  to  prevent,  abate,  or  control 
occupational  diseases.  Limitations  on  such  emissions  are 
established  by  regulation.  This  section  makes  unlawful  emissions 
in  excess  of  the  established  limitations. 

4.2.1.  Occupational  Health  Noise  and  Air  Contaminants 
Regulations . 

Section  16.42.101  (Applicable).  This  provision  establishes 
maximum  noise  exposure  levels  that  represent  conditions  under  wrhich 
it  is  believed  chat  nearly  all  workers  may  be  repeatedly  exposed 
without  adverse  effect  on  the  ability  to  hear  and  understand  normal 
speech.  In  accordance  with  this  section,  no  worker  shall  be 
exposed  to  noise  levels  in  excess  of  the  following  values 
(expressed  in  decibels  measured  on  the  A-weighting  network  (dbA)): 

Continuous  or  Intermittent  Noise  Exposures 
Duration  per  day  (in  hours) Noise  Level  (dbA) 


8 

90 

6 

92 

4 

95 

3 

97 

2 

100 

1 1/2 

102 

1 

105 

3/4 

107 

1/2 

110 

1/4 

115 

These  values  apply  to  the  tonal  time  of  exposure  per  working  day 
regardless  of  whether  this  is  one  continuous  exposure  or  a number 
of  short-term  exposures.  If  a worker  is  exposed  to  noise  levels  in 
excess  of  these  values,  feasible  administrative  or  engineering 
controls  must  be  used  by  the  employer  to  reduce  noise  levels.  If 
these  controls  are  inadequate,  the  employer  must  provide  personal 
hearing  protective  equipment  to  achieve  the  foregoing  maximum 
permissible  noise  exposure  levels. 


Section  16.42.102  (Applicable).  This  section  establishes 
maximum  threshold  limit  values  for  air  contaminants  under  which  it 
is  believed  that  nearly  all  workers  may  be  repeated  exposed  day 
after  day  without  adverse  health  effects.  In  accordance  with  this 
rule,  no  worker  shall  be  exposed  to  air  contaminant  levels  in 
excess  of  the  threshold  limit  values  listed  in  each  of  the  rabies 
below.  Compliance  with  the  rule  is  determined  by  calculating  the 
worker's  exposure  to  air  contaminants  as  individual  substances  or 
as  the  exposure  to  a mixture  of  substances  in  accordance  with 
formulas  established  by  this  rule. 

A worker's  exposure  to  any  contaminant  in  the  following  table, 
shall  at  no  rime  exceed  the  threshold  limit  value  listed: 

Concentration 

Air  Contaminant (in  mg/m3 


Arsenic  and  0 . 5 

compounds  (as  As) 

Copper  dusts  and  1.0 

mists 

Lead  0.15 

Manganese  5.0 

Selenium  compounds  0.2 

(as  Se ) 

Silver,  metal  and  0.01 


soluble  compounds 


A worker's  exposure  to  any  air  contaminants  listed  in  the 
following  table,  in  any  S-hour  work  shift  of  a 40-hour  work  week, 
shall  not  exceed  the  following  8-hour  time  weighted  average  limit 
nor  shall  a worker's  exposure  exceed  at  any  time  during  a 8-hour 
shift  the  acceptable  ceiling  concentration: 


Air  Contaminant 


8-Hour 

Time  Weighted 
Average 


Acceptable 

Ceiling 

Concentration 


Cadmium  dust 


0 . 2 mg/m3 


0 . 6 mg/m3 


Mercury 


0 . 1 mg/ m3 


A worker's  exposure  to  any  of  the  following  air  contaminants 
in  an  8-hour  work  shift  of  a 40-hour  work  week  shall  not  exceed  the 
8-hour  time  weighted  average  limit  for  that  air  contaminant: 


Air  Contaminant 


Millions  of  Particles 
Per  Cubic  Foot  Of  Air 
( mppcf ) e 


Milligrams  Per 
Cubic  Meter  (mg/m3 


Silica-crystalline 
quartz  (respirable) 


250 


10 


% Si 02  + 5 


% Si02  + 2 


Inert  or  nuisance 
dust  - 

respirable  fraction 
total  dust 


15  * 
50 


5 

15 


The  foregoing  noise  and  air  limitations  apply  on-site  during 
site  investigations  and  remedial  activities. 

MONTANA  LOCATION  SPECIFIC  ARAR ' S 

1 . 0 Floodplain  and  Floodwav  Management. 

1 . 1 General  Discussion. 

The  Warm  Springs  Ponds  system  is  located  within  the  Silver  Bow 
Creek  floodplain,  but  not  within  the  floodway,  because  the  floodwray 
has  not  been  designated  in  that  area.  Several  remedial  action 
alternatives  evaiuted  in  this  FS  include  an  upstream  impoundment  or 
settling  basin.  The  impoundment  or  basin  would  also  be  located  in 
the  floodplain,  but  not  in  the  Silver  Bow  Creek  floodway. 

The  State  of  Montana  has  developed  certain  restrictions  on  the 
construction,  operation  or  maintenance  of  obstructions  within  the 
floodway  or  the  floodplain.  The  floodway  is  defined  as  the  channel 
of  a watercourse  and  areas  adjoining  the  channel  that  are 
reasonably  required  to  carry  the  floodwater  of  the  watercourse. 
Floodplain  is  defined  as  the  area  adjoining  a watercourse  which 
would  be  covered  by  floodwater  during  a flood  of  100-year 
frequency.  The  floodway  is  a narrower  channel  than  the  floodplain. 
Therefore,  the  State  of  Montana  imposes  fewer  restrictions  on  land 
use  within  the  floodplain.  Land  use  restrictions  within  both  the 
floodway  and  the  floodplain  are  imposed  to  prevent  or  alleviate 
flooding  threats  to  life  and  health  and  reduce  private  and  public 
economic  losses.  Accordingly,  some  obstructions,  designed  for 
floodwav  control  are,  in  fact,  encouraged.  Other  obstructive  or 
potentially  obstructive  uses  are  authorized,  subject  to  permit. 
Pursuant  to  Superfund,  activities  conducted  wholly  within  the 
operable  unit  are  not  required  to  obtain  federal,  state  or  local 
permits . 

The  requirements  of  the  Floodplain  and  Floodway  Management  Act 
and  regulations  promulgated  thereunder  are  discussed  in  greater 
detail  below. 
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1.2.  The  Floodplain  and  Floodway  Management  Act. 


Section  76-5-102  (Applicable).  It  is  the  policy  of  the  State 
of  Montana  to  restrict  or  prohibit  uses  which  are  dangerous  to 
health  or  safety  of  property  in  times  of  flood  or  which  cause 
increased  flood  heights  or  velocities.  Where  uses  vulnerable  to 
floods  are  allowed  in  the  floodway  or  floodplain,  it  is  Montana's 
policy  to  require  adequate  flood  protection  for  such  uses.  Because 
the  Warm  Springs  Ponds  system  is  in  the  floodplain,  this  policy  is 
applicable . 

Section  76-5-402  (Applicable).  Certain  structures  listed  in 
this  provision  are  authorized  no  be  constructed  in  the  floodplain, 
outside  of  the  designated  floodway,  including  parks,  wildlife 
management  areas,  natural  areas  and  fish  hatcheries. 

Section  76-5-1101  (Relevant  and  Appropriate).  This  provision 
recognizes  that  water  conservation  and  flood  control  projects, 
including  projects  for  conservation,  recreation  and  wildlife, 
streamflow  stabilization  and  pollution  abatement  may  be  conducive 
to  public  convenience  and  welfare.  Accordingly,  this  and  Section 
76-5-1102  (Relevant  and  Appropriate)  authorize  the  construction  or 
improvement  of  dikes,  embankments,  impounding  reservoirs,  conduits, 
and  other  watercourse  improvements.  These  provisions  authorize 
municipal  and  county  governmental  entities  to  establish  such 
projects.  Accordingly,  these  sections  are  not  directly  applicable 
to  the  Warm  Springs  Ponds  operable  unit,  but  are  relevant  and 
appropriate  because  they  constitute  a statutory  recognition  that 
reservoirs  such  as  the  ponds  and  associated  watercourse 
improvements  for  pollution  abatement  may  be  an  appropriate  part  of 
a floodplain  management  system. 

1.3.  Floodplain  Management  Regulations. 

Section  36.15.216  (Relevant  and  Appropriate).  This  section 
sets  out  the  criteria  for  establishing  or  altering  an  artificial 
obstruction  or  noncorming  use  in  the  floodplain.  Typically,  the 
criteria  are  evaluated  in  the  context  of  a permit  application.  At 
a Superfund  site,  however,  ability  to  meet  the  criteria  is 
determined  through  the  detailed  evaluation  of  alternatives. 
Accordingly,  the  following  criteria  are  relevant  and  appropriate  in 
determining  whether  to  establish  or  alter  an  artificial  obstruction 
or  nonconforming  use  (i.e.,  whether  to  alter  the  Ponds  or  construct 
an  upstream  impoundment  or  basin)  to  consider: 

"1.  The  danger  to  life  and  property  from 
backwater  or  diverted  flow  caused  by  the 
obstruction ; 

2.  The  danger  that  the  obstruction  will  be 
swept  downstream  to  the  injury  of  others; 
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3 . The 
locations ; 


availability 


of 


alternative 


4.  The  construction  or  alteration  of  the 
obstruction  in  such  a manner  as  to  lessen  the 
danger ; 

5.  The  permanence  of  the  obstruction; 

6.  The  anticipated  development  in  the 
foreseeable  future  of  the  area  which  may  be 
affected  by  the  obstruction;  and 

7.  Such  other  factors  as  are  in  harmony  with 
the  purposes  of  the  Act  and  these  Rules." 

Section  36.15.606  (Relevant  and  Appropriate).  This  section 
enumerates  flood  control  works  that  are  allowed  wTithin  designated 
floodways;  it  provides  that:  (1)  flood  control  levies  and  flood 
walls  are  allowed  if  they  are  designed  and  constructed  to  safely 
convey  a flood  of  100-year  frequency  and  their  cumulative  effect 
combined  with  allowable  flood  fringe  encroachments  does  not 
increase  the  unobstructed  elevation  of  a flood  of  100-year 
frequency  more  than  0.5  of  a foot  at  any  point;  (2)  riprap,  if  not 
hand  placed,  is  allowed  if  it  is  designed  to  withstand  a flood  of 
100-year  frequency,  does  not  increase  the  elevation  of  the  100-year 
frequency  flood,  and  will  not  increase  erosion  upstream, 
downstream,  or  across  stream  from  the  riprap  site;  and  (3) 
channelization  projects  are  allowed  if  they  do  not  significantly 
increase  the  magnitude,  velocity,  or  elevation  of  the  flood  of 
100-year  frequency  downstream  from  such  projects. 

This  section  is  relevant  and  appropriate,  rather  than  directly 
applicable  to  the  Warm  Springs  Ponds  operable  unit  first,  because 
the  channelization,  diversion  and  impoundment  stability 
improvements  proposed  in  some  of  the  alternatives  are  not  solely 
for  flood  control  and  the  majority  of  such  improvements  are  located 
in  the  floodplain  but  not  the  floodway.  Second,  a permit  will  not 
be  required  for  remedial  activities  conducted  within  the  operable 
unit.  Rather,  compliance  with  this  section  will  be  evaluated  in 
the  FS,  remedy  section  and  implementation  processes  under  CERCLA. 

Section  36.15.801  (Applicable).  This  section  is  applicable  in 
floodplain  areas  where  the  floodway  has  not  been  designated  and 
authorizes  a variety  of  uses  pertinent  to  the  Warm  Springs  Ponds 
operable  unit,  including  parks,  wildlife  management  and  natural 
areas  and  hunting  and  fishing  areas.  It  further  provides  that  if  a 
proposed  development  within  the  designated  floodplain  may 
significantly  increase  flood  velocities  or  depths,  additional 
hydraulic  and  survey  information  may  be  required,  including  but  not 
limited  io  valley  cross  sections  of  rhe  water  course  and  adjoining 
floodplain;  certification  by  a qualified  professional  engineer  that 
flood  proofing  measures  are  reasonably  adequate  to  protect  against 
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major  flood  damage;  or  a hydrologic  study  documenting  probable 
effect  on  upstream  or  downstream  property  owners.  The  requirements 
of  this  section  are  applicable,  except  to  the  extent  that  this 
section  includes  a permit  requirement.  The  adequacy  of  information 
provided  and  the  need  for  additional  information  will  be  evaluated 
in  the  context  of  this  FS,  remedy  selection  and  remedy  implemention 
in  accordance  with  CERCLA. 

2.0.  Streambeds  and  Stream  Protection. 

2.1.  General  Discussion. 

Because  the  Warm  Springs  Ponds  operable  unit  is  traversed  by 
and  focuses  upon  the  release  of  hazardous  substances  into  the 
Silver  Bow,  Mill  and  Willow  Creek  and  the  Clark  Fork  River, 
activities  within  the  operable  unit  are  subject  to  location 
specific  requirements  for  stream  and  streambed  protection.  These 
protective  provisions  are  set  out  in  the  Natural  Streambed  and  Land 
Preservation  Act  of  1975  and  implementing  regulations  and  the 
Stream  Protection  Act. 

2.2.0.  The  Natural  Streambed  and  Land  Preservation  Act  of 
1975  . 

Section  75-7-102  (Applicable).  It  is  the  policy  of  the  State 
of  Montana  that  its  "natural  rivers  and  streams  and  the  lands  and 
property  immediately  adjacent  to  them  within  the  state  are  to  be 
protected  and  preserved  to  be  available  in  their  natural  or 
existing  state  and  to  prohibit  unauthorized  projects  and  in  so 
doing  to  keep  soil  erosion  and  sedimentation  to  a minimum,  except 
as  may  be  necessary  and  appropriate  after  due  consideration  of  all 
factors  involved."  (Emphasis  added.)  This  policy  is  applicable  to 
Mill,  Willow  and  Silver  Bow  Creeks  and  the  Clark  Fork  River  and 
lands  immediately  adjacent  to  all  such  waters.  The  policy  should 
be  implemented  by  compliance  with  the  preservation  standards  set 
out  below,  to  minimize  soil  erosion  and  sedimentation  during 
remedial  activities  and  after  Warm  Springs  cleanup  work  has  been 
completed . 

2.2.1.  Minimum  Standards  and  Guidelines  For  Natural 
Streambed  and  Land  Preservation  Act  of  1975. 

Section  36.2.404  (Relevant  and  Appropri are ) . Proposed 
projects  are  to  be  evaluated  by  the  appropriate  conservation 
district  based  on  the  following  criteria:  (1)  the  purpose  of  the 
project;  (2)  the  necessity  and  justification  for  the  proposed 
project;  (3)  whether  the  proposed  project  is  a reasonable  means  of 
accomplishing  the  purpose;  (4)  whether  there  are  modifications  or 
alternative  solutions  which  are  reasonably  possible  and  which  would 
reduce  the  disturbance  to  the  stream  channel  and  its  environment 
and  accomplish  the  purposes  of  the  proposed  project;  (5)  whether 
the  project  will  pass  anticipated  sediment  loads  without  creating 
harmful  flooding  or  erosion  problems  upstream  or  downstream; 
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(6)  whether  the  project  will  minimize  the  amount  of  stream  channel 
alteration;  (7)  whether  the  project  will  be  as  permanent  a 
solution  as  possible  and  whether  the  method  used  will  create  a 
reasonably  permanent  and  stable  situation;  (8)  whether  the  project 
will  minimize  effects  on  fish  and  aquatic  habitat;  (9)  whether  the 
project  will  minimize  turbidity  or  other  water  pollution  problems; 
and  (10)  whether  the  project  will  minimize  adverse  effects  on  the 
natural  beauty  of  the  area.  These  criteria  are  appropriate  for 
consideration  in  the  detailed  analysis  of  alternatives  and  in  the 
remedy  selection  and  implementation  pursuant  to  CERCLA.  However, 
this  provision  is  identified  as  relevant  and  appropriate  because  it 
would  require  the  criteria  to  be  evaluated  in  a permit  context, 

whereas  for  a Superfund  sire  remedy  that  includes  project 

activities  addressed  by  this  regulation,  a permit  to  construct  such 
project  is  not  required. 

2.3.  Stream  Protection  Act. 

Section  87-5-501  (Applicable).  It  is  the  applicable  policy  of 
the  State  of  Montana  that  "its  fish  and  wildlife  resources  and 
particularly  the  fishing  waters  within  the  state  are  to  be 

protected  and  preserved  to  the  end  that  they  be  available  for  all 

time,  without  change,  in  their  natural  existing  state  except  as  may 
be  necessary  and  appropriate  after  due  consideration  of  all  factors 
involved . " 

MONTANA  ACTION  SPECIFIC  ARAR ' S 

1.0.  Dam  Construction  Requirements . 

1.1.  General  Discussion. 

In  this  section,  requirements  imposed  by  the  Montana  Dam 
Safety  Act  and  Montana  Dam  Safety  Regulations  will  be  described. 
These  requirements  apply  to  the  dam  structures  forming  each  of 
Ponds  1 through  3 and  would  also  apply  to  the  upstream  impoundment 
or  settling  basin.  With  regard  to  the  Ponds,  the  U.S.  Army  Corp  of 
Engineers  inspected  the  Ponds  in  1978,  pursuant  to  P.L.  95-367,  and 
determined  that  the  Warm  Springs  Ponds  dams  are  high-hazard  dams. 
This  classification  was  dependent  upon  the  berm  heights,  the  volume 
of  water  contained  behind  each  dam,  the  fact  that  tailings  and 
sediments  contaminated  with  high  concentrations  of  heavy  metals  are 
also  impounded  behind  the  dams  and  that  the  three  Ponds  are  in 
sequence.  The  Montana  Department  of  Natural  Resources  and 
Conservation  ( "DNRC" ) has  adopted  the  U.S.  Army  Corp  of  Engineers' 
high-hazard  dam  classification,  consistent  with  Section  36.14.202. 
Pertinent  statutory  and  regulatory  requirements  for  high-hazard 
dams  are  discussed  in  detail  in  the  following  sections. 
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1.2.  Montana  Dam  Safety  Act. 


Section  85-15-207  (Applicable).  Pursuant  to  this  provision  no 
person  may  fill  any  dam  or  reservoir  with  water  that  is  not 
constructed  so  as  to  safely  hold  any  water  that  may  be  placed 
therein . 

Section  85-15-208  (Relevant  and  Appropriate).  This  section 
requires  that  any  dam  or  reservoir  constructed  for  the  purpose  of 
storing  or  diverting  waters  of  the  State  be  constructed  in  a 
thorough,  secure  and  substantial  manner. 

1.3.  Montana  Dam  Safety  Regulations . 

Section  36.14.501  (Applicable).  This  section  establishes 
high-hazard  dam  design  criteria,  including  requirements  that: 
(1)  the  embankment  must  be  safe  against  overtopping  during 
occurrence  of  the  in-flow  design  flood  by  the  provision  of 
sufficient  spillway  and  outlet  works  capacity;  (2)  seepage  flow 
through  the  embankment,  foundation,  and  abutments  must  be 

controlled  so  that  no  internal  erosion  or  piping  takes  place  and  so 
there  is  no  sloughing  in  the  area  where  the  seepage  emerges; 
(3)  the  embankment  must  be  safe  against  overtopping  by  wave 
action;  (4)  upstream  and  downstream  slopes  must  be  stable  and 
protected  against  erosion;  (5)  the  design  must  be  such  that  the 
^ most  severe  earthquake  that  can  be  reasonably  anticipated  will  not 

cause  catastrophic  failure  and  loss  of  life;  and  (6)  earth  dams 
retaining  a floodwater  capacity  of  less  than  12,500  acre-feet  or  a 
total  capacity  of  less  than  25,000  acre-feet  must  be  designed  and 
constructed  in  accordance  with  principles  at  least  equivalent  to 
the  United  States  Soil  Conservation  Service  TR-60  Earth  Dams  and 
Reservoirs . 

Section  36.14.502  (Applicable).  Pursuant  to  this  section 
high-hazard  dams  must  safely  pass  the  flood  calculated  from  the 
inflow  design  flood.  The  minimum  inflow  design  flood  is  expressed 
as  a fraction  of  the  probable  maximum  flood  and  is  determined  based 
upon  the  number  of  residences  within  the  breach  area  below  the  dam, 
the  capacity  of  the  reservoir  and  the  height  to  dam  crest.  The 
Warm  Springs  Ponds  system,  including  the  Ponds,  the  By-Pass  and 
inlet  and  outlet  channelization  operate  on  an  integrated  basis  and 
must  be  designed  to  manage  the  proper  inflow  design  flood.  Warm 
Springs  Pond  3 must  safely  manage  one-half  of  the  probable  maximum 
flood,  since  Pond  3 contains  approximately  4,800  acre-feet  and  the 
dam  is  33  feet  high.  Pond  2 must  safely  manage  .3  of  the  probable 
maximum  flood  because  Pond  2 contains  approximately  860  acre-feet 
and  the  dam  is  23  feet  high  and  Pond  1 must  safely  manage  .2  of  rhe 
probable  maximum  flood  because  the  pond  contains  almost  no  water 
and  the  dam  height  is  20  feet. 

t 
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2.0.  Montana  Reclamation  Requirements . 


2.1.  General  Discussion. 

The  State  of  Montana  has  developed  extensive  statutory  and 
regulatory  requirements  for  reclamation  in  connection  with  strip 
and  underground  mining,  coal  and  uranium  mining,  metal  mining,  and 
open  cut  mining.  These  provisions  are  relevant  and  appropriate  for 
Warm  Springs  Ponds  remediation,  but  are  not  directly  applicable  for 
two  reasons.  First,  though  the  contamination  and  hazardous 
substance  releases  at  the  Warm  Springs  Ponds  operable  unit  result 
from  mining  activities,  the  reclamation  activities  contemplated  to 
be  performed  at  the  sire  will  be  performed  in  conjunction  with 
remedial  action,  rather  than  mining.  Second,  many  of  the  statutory 
programs  governing  reclamation  at  different  types  of  mine  sites 
contain  "grandfather"  provisions  which  exclude  older  mining 
operations  from  reclamation  requirements.  Nevertheless,  to  the 
extent  that  particular  reclamation  provisions  were  designed  to 
address  conditions  or  activities  similar  to  the  conditions  found  at 
the  site  or  activities  to  be  performed  in  conjunction  with  site 
remediation,  such  reclamation  provisions  are  relevant  and 
appropriate.  The  Strip  and  Underground  Mine  Reclamation  Act  are 
particularly  well  suited  for  remedial  activities  at  the  Warm 
Springs  Ponds  operable  unit  because  they  were  developed  to  address 
conditions,  such  as  those  found  at  this  operable  unit,  caused  by 
earth  moving  and  other  disturbances  on  the  ground  surface. 

2.2.  The  Montana  Strip  and  Underground  Mine  Reclamation 
Act . 

Section  82-4-202  (Relevant  and  Appropriate).  It  is  the 
declared  policy  of  the  State  of  Montana  and  its  people  to:  "(a)  to 
maintain  and  improve  the  State's  clean  and  healthful  environment 
for  present  and  future  generation;  (b)  to  protect  its 
environmental  life-support  system  from  degradation;  (c)  prevent 
unreasonable  degradation  of  its  natural  resources;  (d)  restore, 
enhance,  and  preserve  its  scenic,  historic,  archeologic, 
scientific,  cultural,  and  recreational  sites;  [and]  (e)  demand 
effective  reclamation  of  all  lands  disturbed  by  the  taking  of 
natural  resources." 

Section  82-4-231  (Relevant  and  Appropriate).  As  rapidly, 
completely  and  effectively  as  the  most  modern  technology  and  the 
most  advanced  state  of  the  art  will  allow,  each  operator  shall 
reclaim  and  revegetate  the  land  affected  by  his  operation.  This 
section  requires  reclamation  activities  such  as  grading, 
backfilling,  subsidence  stabilization,  water  control,  topsoiling 
and  other  measures  necessary  to  eliminate  damage  to  landowners  and 
members  of  the  public,  their  real  and  personal  property,  public 
roads,  streams,  and  all  other  public  property  from  soil  erosion, 
subsidence,  landslides,  water  pollution,  and  hazards  dangerous  to 
life  and  property.  Additionally,  this  section  requires  that  the 
owner:  (1)  impound,  drain  or  treat  all  runoff  or  underground  mine 
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water  so  as  to  reduce  soil  erosion,  damage  to  grazing  and 
agricultural  lands,  and  pollution  of  surface  and  subsurface  water; 
(2)  to  the  extent  possible  using  the  best  technology  currently 
available,  minimize  disturbances  and  adverse  impacts  of  the 
operation  on  fish,  wildlife,  and  related  environmental  values  and 
achieve  enhancement  of  such  resources  where  practicable;  (3)  avoid 
acid  or  other  toxic  mine  drainage;  (4)  prevent,  to  the  extent 
possible  using  the  best  technology  currently  available,  additional 
contributions  of  suspended  solids  to  streamflow  or  runoff;  and 
(5)  stabilize  and  protect  all  surface  areas,  including  spoil 
piles,  to  effectively  control  air  pollution. 

Section  82-4-233  (Relevant  and  Appropr i ace ) . This  secuon 
requires  that  after  the  operation  has  been  backfilled,  graded, 
topsoiled  and  approved,  the  operator  "shall  prepare  the  soil  and 
plant  such  legumes,  grasses,  shrubs,  and  trees  as  are  necessary  to 
establish  on  the  regraded  areas  and  all  other  lands  affected  a 
diverse,  effective  and  permanent  vegetative  cover  of  the  same 
seasonal  variety  native  to  the  area  of  land  to  be  affected  and 
capable  of  self- regeneration  and  plant  succession  at  least  equal  in 
extent  of  cover  to  the  natural  vegetation  of  the  area."  The 
vegetative  cover  must  be  capable  of  feeding  and  withstanding 
grazing  pressure  from  wildlife  and  livestock  regenerating  under 
natural  conditions  prevailing  at  the  site  and  preventing  soil 
erosion . 

2.2.1.  Strip  and  Underground  Mine  Reclamation  Permit 
Application  Regulations . 

Section  26.4.311  (Relevant  and  Appropriate).  This  section 
requires  development  of  an  air  pollution  control  plan  that  includes 
an  air  quality  monitoring  program  and  a plan  for  fugitive  dust 
control . 

Section  26.4.312  (Relevant  and  Appropriate).  In  accordance 
with  this  provision,  a plan  for  minimization  for  impacts  on  fish 
and  wildlife  must  be  submitted  and  must  include  a description  of 
how  disturbances  and  adverse  impacts  on  fish,  wildlife  and  related 
environmental  values  will  be  minimized  and  how  enhancement  of  these 
resources  will  be  achieved  and  muse  address  compliance  with  the 
Endangered  Species  Act. 

Section  26.4.313  (Relevant  and  Appropriate) . This  section 
establishes  reclamation  plan  requirements  including:  a timetable 
for  estimated  completion;  a detailed  cost  estimate  of  reclamation 
that  will  be  covered  by  performance  bonds;  a plan  for  backfilling, 
stabilization,  compacting  and  grading;  a map  showing  the  final 
topography;  and  a narrative  of  the  method  for  revegetation, 
including  but  not  limited  to  --  schedule,  species  and  amounts  per 
acres  of  seeds  and  seedlings  to  be  used,  introduced  species  to  be 
used,  if  any,  planting  and  seeding  methods,  approximate  planting 


dates,  mulching  techniques,  soil  tillage  and  amendments,  vegetation 
monitoring  requirements,  and  measures  to  be  used  to  determine  the 
success  of  revegetation. 

Section  26.4.314  (Relevant  and  Appropriate).  In  accordance 
with  this  provision,  a detailed  description  supported  by  maps  and 
appropriate  data  of  measures  to  be  taken  during  and  after 
operations  to  minimize  disturbance  of  the  hydrologic  balance  on  and 
off-site  must  be  provided. 

Section  26.4.315  (Relevant  and  Appropriate).  Before  remedy 
implementation,  this  section  requires  a general  plan  for  each 
proposed  sedimentation  pond  and  water  impoundment  including  such 
information  as  preliminary  hydrologic  and  geologic  information 
required  to  assess  the  hydrologic  impact  of  the  structure;  a 
description,  map  and  cross- section  of  each  structure  and  its 
location;  a schedule,  a detailed  design  plan;  any  geotechnical 
investigation,  design  and  construction  requirements  for  each 
structure;  and  a description  of  the  operation  and  maintenance 
requirements . 

2.2.2.  Strip  and  Underground  Mine  Reclamation  Act 
Backfilling  and  Grading  Regulations. 

Section  26.4.501  (Relevant  and  Appropriate).  This  provision 
requires  backfilling  and  grading  to  the  approximate  original 
contour  of  the  land.  Backfill  material  must  be  placed  to  minimize 
adverse  effects  on  groundwater , on  and  off-site. 

Section  26.4.501(A)  (Relevant  and  Appropriate).  All  final 
grading  on  the  area  of  land  affected  must  be  to  the  approximate 
original  contour  of  the  land,  per  this  section.  No  final  graded 
soils  may  be  steeper  than  5 horizontal  to  1 vertical,  with  limited 
exceptions.  Moreover,  the  disturbed  area  must  be  blended  with 
surrounding  undisturbed  ground  to  provide  a smooth  transition  with 
the  existing  topography. 

Section  26.4.505  (Relevant  and  Appropriate).  In  accordance 
with  this  section,  acid- forming,  toxic- forming,  combustible  or  any 
other  waste  materials  identified  by  the  Department  that  are 
exposed,  used,  or  produced  during  mining  shall  be  covered  with  the 
best  available  non- toxic  and  noncombustible  material.  If 
necessary,  these  materials  must  be  tested  to  neutralize  toxicity  in 
order  to  prevent  water  pollution  and  sustained  combustion  and  to 
minimize  adverse  effects  on  plant  growth  and  land  uses.  "If 
necessary  to  protect  against  upward  migration  of  salts  or  exposure 
by  erosion,  to  provide  an  adequate  depth  for  plant  growth  or  to 
otherwise  meet  local  conditions,  . . . thicker  amounts  of  cover 
using  noncombustible  and  nontoxic  material  or  the  use  of  special 
compaction  and  isolation  techniques  to  prevent  contact  of  these 
materials  with  groundwater"  may  be  required.  Acid-forming  or 
toxic-forming  materials  shall  not  cause  or  pose  a threat  of  water 


pollution.  This  section  is  relevant  and  appropriate  for  all 
portions  of  the  site  where  exposed  tailings  or  contaminated  soils 
are  to  be  consolidated  and  capped  or  capped  in  place. 

Section  26.4.520  (Relevant  and  Appropriate).  Spoil  materials, 
or  in  this  case  tailings  and  contaminated  soils,  may  be  disposed  of 
on-site  in  accordance  with  the  requirements  of  this  section. 
Leachate  and  surface  run-off  from  the  fill  must  not  degrade  surface 
or  groundwater  or  exceed  effluent  limitations.  The  disposal  area 
must  not  contain  springs,  natural  water  courses,  or  wet  weather 
seeps  unless  lateral  drains  are  constructed  from  the  wet  areas  to 
prevent  water  infiltration.  Underdrains  must  consist  of  durable 
rock  or  pipe  and  be  designed  and  constructed  consistent  with 
current,  prudent  engineering  practices.  Slope  protection  must  be 
provided  to  minimize  surface  erosion.  The  material  must  be 
transported  and  placed  in  a controlled  manner,  in  horizontal  lifts 
not  exceeding  4 feet  in  thickness,  concurrently  compacted  as 
necessary  to  ensure  mass  stability  and  prevent  mass  movement, 
covered  and  graded  to  allow  surface  and  subsurface  drainage 
compatible  with  the  natural  surroundings  and  to  ensure  a long-term 
static  safety  factor  of  1.5.  Inspection  for  stability  is  required 
quarterly.  Color  photographs  of  the  underdrain  must  be  taken  as 
the  underdrain  system  is  being  formed.  An  earthquake  safety  factor 
of  at  least  1.1  must  be  used.  Surface  water  run-off  from  areas 
adjacent  to  and  above  the  fill  must  not  be  allowed  to  flow  into  the 
fill  and  must  be  diverted  into  stabilized  diversion  channels 
designed  to  safely  pass  the  run-off  from  a 100-year,  24-hour 
precipitation  event.  All  disturbed  areas,  including  diversion 
ditches  that  are  not  riprapped,  must  be  vegetated  upon  completion 
of  construction. 

2.2.3.  Strip  and  Underground  Mine  Reclamation  Hydrology 
Regulations . 

Section  26.4.631  (Relevant  and  Appropriate).  In  accordance 
with  this  section,  reclamation  operations  must  be  planned  and 
conducted  to  minimize  disturbance  to  the  prevailing  hydrologic 
balance  and  to  prevent  material  damage  to  the  prevailing  hydrologic 
balance  outside  the  operable  unit.  Thus,  changes  in  water  quality 
and  quantity  must  be  minimized  and  reclamation  practices  that  will 
prevent  or  minimize  water  pollution  should  be  emphasized.  Proper 
pollution  control  and  minimization  practices  include  but  are  not 
limited  to  stabilizing  disturbed  areas,  diverting  run-off, 
regulating  channel  velocity  of  water,  achieving  quickly  germinating 
and  growing  stands  of  temporary  vegetation,  lining  drainage 
channels  with  proper  vegetation,  and  mulching. 

Section  26.4.633  (Relevant  and  Appropriate).  This  section 
specifies  that  "all  surface  draining  from  the  disturbed  area, 
including  disturbed  areas  that  have  been  graded,  seeded,  or 
planted,  must  be  treated  by  the  best  -technology  currently 
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available."  Sediment  control  must  be  maintained  until  the 
disturbed  area  has  been  restored  and  revegetation  requirements  have 
been  met. 

Section  26.4.634  (Relevant  and  Appropriate).  Design  of 
reclaimed  drainages  must  emphasize  channel  and  floodolain 
dimensions  that  will  blend  with  the  undisturbed  drainage  above  and 
below  the  area  to  be  reclaimed.  Further,  this  section  requires 
that  reclamation  establish  or  restore  the  channel  to  its  natural 
habitat  or  characteristic  pattern  with  a geomorphically  acceptable 
gradient.  The  drainage  must  safely  pass  through  a 24-hour 
precipitation  event  with  a 100-year  recurrence  interval  or  larger 
event  as  determined  by  the  agency.  In  addition,  reclamation  must 
provide  for  long-term  stability  of  the  landscape,  establishment  or 
restoration  of  the  stream  to  include  a diversity  of  aquatic 
habitats  (generally  a series  of  riffles  and  pools)  and  restoration, 
enhancements  or  maintenance  of  natural  riparian  vegetation. 

Section  26.4.636  (Relevant  and  Appropriate).  Some 
remedial  activities  at  the  site  may  include  temporary  diversion 
structures.  If  so,  this  section  requires  that  temporary  diversions 
be  constructed  to  safely  pass  the  peak  run-off  from  a precipitation 
event  with  a 10-year,  24-hour  recurrence  interval.  Channel  lining 
must  be  designed  using  standard  engineering  practices,  such  as 
riprap,  to  safely  pass  designed  velocity.  Free  board  must  be  no 
less  than  0.3  feet.  Energy  dissipators  must  be  installed  in 
streams  where  existing  velocity  of  the  diversion  is  greater  than 
the  receiving  water. 

Section  26.4.638  (Relevant  and  Appropriate).  This  section 
specifies  sediment  control  measures  and  requires  that  such  measures 
be  designed,  constructed,  and  maintained  using  the  best  technology 
currently  available  to  prevent  additional  contributions  of  sediment 
to  stream  flow  or  runoff,  to  meet  the  most  stringent  applicable 
state  or  federal  effluent  limitations,  and  to  minimize  erosion  to 
the  extent  possible. 

Section  26.4.639  (Relevant  and  Appropriate).  This  section 
•.pecifies  in  greater  detail,  the  requirements  for  sedimentation 
ponds.  Sedimentation  ponds  must  provide  the  required  detention 
time  adequate  to  meet  effluent  limitations  for  the  water  inflow  or 
run-off  entering  the  pond  from  a 10-year,  24-hour  precipitation 
event  (design  event) , plus  the  average  underground  inflow 
applicable.  The  water  storage  resulting  from  inflow  must  be 
removed  by  a non-clogging  dewatering  device  or  a conduit  spillway 
and  must  have  a discharge  rate  to  achieve  and  maintain  the  required 
theoretical  detention  time.  The  dewatering  device  must  not  be 
located  at  a lower  elevation  than  the  maximum  elevation  of  the 
sediment  storage  volume.  The  design  must  prevent  short-circuiting 
to  the  extent  possible.  There  must  not  be  out-flow  through  the 
emergency  spillway  during  the  passage  of  the  run-off  resulting  from 
the  10-year,  24-hour  precipitation  event  or  lesser  events  through 
the  sedimentation  pond.  Sediment  must  be  removed  from  the  ponds 
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when  the  volume  of  sediment  accumulates  to  60%  of  the  design 
sediment  storage  volume.  An  appropriate  combination  of  principal 
and  emergency  spillways  must  be  provided  to  safely  discharge  the 
run-off  from  a 24-year,  24-hour  precipitation  event.  The  minimum 
elevation  at  the  top  of  the  settled  embankment  must  be  1 foot  above 
the  water  surface  in  the  pond  with  the  emergency  spillway  flowing 
at  designed  depths;  the  construction  height  of  the  dam  must  be 
increased  a minimum  of  5%  over  the  design  height  to  allow  for 
settlement.  The  minimum  top  width  of  the  embankment  must  be  less 
than  the  quotient  of  (H  + 35)/5,  where  H is  the  height,  in  feet,  of 
the  embankment  as  measured  from  the  upstream  toe  of  the  embankment. 
The  combined  upstream  and  downstream  side  slopes  of  the  settlement 
embankment  must  not  be  less  than  5h:lv,  with  neither  slope  steeper 
than  2h:lv.  If  the  sedimentation  pond  has  an  embankment  that  is 
more  than  20  feet  in  height  or  has  a storage  volume  of  20-acre  feet 
or  more,  an  appropriate  combination  of  principal  and  emergency 
spillways  that  will  discharge  safely  the  run-off  resulting  from  a 
100-year,  24-hour  precipitation  event  must  be  provided.  The 
embankment  must  be  designed  and  constructed  with  a static  safety 
factor  of  at  least  1.5,  and  a seismic  safety  factor  of  at  least 
1.2.  The  entire  embankment,  including  the  surrounding  areas 
disturbed  by  construction,  must  be  stabilized  with  a vegetative 
cover  or  other  means  immediately  after  the  embankment  is  completed 
in  order  to  protect  against  erosion  and  sudden  drawdown.  The  active 
upstream  face  may  be  riprapped  or  otherwise  stabilized.  Areas  in 
which  vegetation  is  not  successful  or  where  rills  and  gulleys 
develop  must  be  repaired  and  revegetated. 

Section  26.4.640  (Relevant  and  Appropri ace ) . This  section 
describes  control  requirements  for  discharges  from  sedimentation 
ponds,  permanent  and  temporary  impoundments  and  diversions.  Such 
discharges  must  be  controlled  by  energy  dissipators,  riprapped 
channels  or  other  devices  to  reduce  erosion,  to  prevent  deepening 
or  enlargment  of  stream  channels  and  to  minimize  disturbance  of  the 
hydrologic  balance. 

Section  26.4.641  (Relevant  and  Appropriate).  This  section 
requires  that  drainage  from  acid-  and  toxic-forming  spoil  into 
ground  and  surface  water  must  be  avoided  and,  further,  specifies 
the  methodology  for  avoiding  such  drainage,  including  preventing 
water  from  coming  into  contact  with  spoil  material  and  storing 
spoil  on  impermeable  material,  protected  from  erosion  and  contact 
with  surface  water. 

Section  26.4.642  (Relevant  and  Appropriate).  This  section 
prohibits  permanent  impoundments  unless  they  can  be  constructed  and 
operated  in  compliance  with  the  following  requirements:  discharge 
of  water  from  the  impoundment  will  not  degrade  the  quality  of 
receiving  water;  the  level  of  water  will  be  sufficiently  stable  to 
support  the  intended  use,  water  impoundments  will  not  result  in  the 
diminution  of  the  quality  or  quantity  of  water  used  by  adjacent  or 
surrounding  landowners;  design,  construction  and  maintenance  will 
achieve  the  minimum  design  requirements  applicable  to  structures 
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constructed  and  maintained  under  the  Watershed  Protection  and  Flood 
Prevention  Act  (16  U.S.C.  § 1006),  the  impoundment  will  have  a 
minimum  static  safety  factor  of  1.5  with  steady  seepage  saturation 
conditions  and  a seismic  safety  factor  of  at  least  1.2;  slope 
protection  to  minimize  surface  erosion  at  the  site  and  sediment 
control  measures  must  be  provided  for  all  embankments;  the 
surrounding  areas  and  diversion  ditches  disturbed  or  created  by 
construction  must  be  graded,  fertilized,  seeded  and  mulched 
immediately  after  the  embankment  is  completed;  and  embankments  must 
be  routinely  inspected  and  maintained. 

Section  26.4.644  (Relevant  and  Appropriate).  This  section 
specifies  reclamation  requirements  to  protect  groundwater  recharge 
capacity  and  rate. 

Section  26.4. 64S  (Relevant  and  Appropriate).  In  accordance 
with  this  section,  the  permittee  must  "replace  the  water  supply  of 
any  owner  of  interest  in  real  properry  who  obtains  all  or  part  of 
his  supply  of  water  for  domestic,  agricultural,  industrial  or  other 
legitimate  use  from  surface  or  underground  source  where  such  supply 
has  been  affected  by  contamination,  diminution  or  interruption 
proximately  resulting  from  strip  or  underground  mine  operation  by 
the  permittee." 

2.2.4.  Strip  and  Underground  Mine  Reclamation  Act  Top 

Soiling , Revegetation , and  Protection  of  Wildlife 
and  Air  Resources  Regulations . 

Section  26.4.703  (Relevant  and  Appropriate).  Materials  other 
than,  or  along  with,  soil  for  final  surfacing  of  disturbances  may 
be  allowed  if  the  resulting  medium  is  at  least  as  capable  as  soil 
of  supporting  the  approved  vegetation  and  post-remedial  activity 
land  use.  Moreover,  the  medium  must  be  the  best  available  within 
the  area  to  support  vegetation. 

Section  26.4.711  (Relevant  and  Appropriate).  In  accordance 
with  this  section,  "a  diverse,  effective,  and  permanent  vegetative 
cover  of  the  same  seasonal  variety  native  to  the  area 
affected  and  capable  of  meeting  the  criteria  set  forth  in  82-4-233 
shall  be  established  on  all  areas  of  land  affected  except  water 
areas  and  surface  areas  of  roads.  . . " 

Section  26.4.713  (Relevant  and  Appropriate).  This  section 
specifies  that  seeding  and  planting  of  disturbed  areas  must  be 
conducted  during  the  "first  normal  period  for  favorable  planting 
and  final  preparation"  but  in  no  case  more  than  ninety  days  after 
top  soil  has  been  replaced. 

Section  26.4.714  (Relevant  and  Appropriate).  Pursuant  to 
this  section,  as  soon  as  practicable,  a mulch  or  cover  crop  of 
small  grains,  grasses  or  legumes  or  both  must  be  used  on  all 
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regraded  and  resoiled  areas  to  control  erosion/  promote  germanation 
of  seeds  and  increase  the  moisture  retention  of  the  soil  until 
adequate  permanent  cover  is  established. 

Section  26.4.716  (Relevant  and  Appropriate).  Revegetation 
must  encourage  a prompt  vegetative  cover  and  recovery  of 
productivity  levels.  A permanent  diverse  vegetative  cover  shall  be 
established  by  drill  or  broadcast  seeding  or  planting,  by  seedling 
transplant,  by  establishing  sod  plugs  or  by  other  methods. 
Revegetation  must  be  capable  of  self-regeneration . Seed  and 
seedlings  genotypically  adapted  to  the  area  must  be  used  when 
available.  Seed  mixes  free  of  weedy  or  other  undesirable  species 
shall  be  used. 


Section  26.4.717 
species  are  necessary, 
climate  shall  be  used. 


(Relevant  and  Appropriate), 
trees  adapted  for  local  site 


Whenever  tree 
conditions  and 


Section  26.4.718  (Relevant  and  Appropriate).  Soil  amendments 
must  be  used  as  necessary  to  aid  in  the  establishment  of  permanent 
vegetative  cover.  Irrigation,  management,  fencing  or  other 
measures  may  also  be  used  after  review  and  approval  by  the 
agencies . 

Section  26.4.719  (Relevant  and  Appropriate).  Livestock 
grazing  on  reclaimed  land  is  prohibited  until  revegetation  is 
established  to  sustain  managed  grazing. 


Section  26.4.721  (Relevant  and  Appropriate).  In 
with  this  section,  rills  and  gulleys  must  be  filled, 
otherwise  stabilized  and  the  area  reseeded. 


accordance 
graded  or 


Section  26.4.724  (Relevant  and  Appropriate).  Success  of 
revegetation  shall  be  measured  on  the  basis  of  unmined  reference 
areas  approved  by  the  agencies.  Ac  least  one  reference  area  shall 
be  established  for  each  native  community  if  found  within  the  area. 

Section  26.4.725  (Relevant  and  Appropriate).  This  section 
establishes  that  the  period  of  responsibility  under  the  performance 
bond  begins  when  the  canopy  cover  of  seeded  species  is  comparable 
to  the  approved  standard  after  the  last  year  of  seeding, 
fertilizing,  irrigating  or  other  work.  Then,  the  revegetated  area 
and  respective  reference  areas  will  be  evaluated  for  at  lease  two 
consecutive  years  prior  to  application  for  bond  release. 


Section  26.4.726  (Relevant  and  Appropriate).  Annual 
production  shall  be  measured  by  clipping  each  morphological  class 
on  the  revegetated  area  and  the  reference  area.  This  section  then 
specifies  how  weighted  productivity  shall  be  estabished  for 
reference  areas  for  comparison  to  the  revegetation  area. 
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Section  26.4.727  (Relevant  and  Appropriate).  This  section 
requires  that  the  canopy  cover  be  measured  for  each  species  in  the 
revegetated  area  and  the  reference  areas.  It  then  establishes  how 
weighted  canopy  cover  shall  be  established  for  the  reference  areas 
for  comparison  purposes. 


Section  26.4.728  (Relevant  and  Appropriate).  Permanence  of 
vegetation  in  the  revegetated  areas  must  be  established  by  showing 
that  the  revegetated  area  is  composed  of  at  least  51%  native 
species  and  introduced  species  are  present  in  a minority. 


Section  26.4.729  (Relevant  and  Appropriate).  This  section 
requires  that  the  number  of  species  occupying  1%  or  more  of  the 
ground  cover  in  the  revegetated  area  shall  be  equal  to  or  greater 
than  the  number  of  species  occupying  1%  or  more  of  the  canopy  cover 


in  the  reference  area.  It 
diversitv  is  to  be  calculated. 
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Section  26.4.730  (Relevant  and  Appropriate).  The  revegetated 
area  must  furnish  palatable  forage  in  comparable  quantity  and 
quality  during  the  same  grazing  period  as  the  reference  areas. 

Section  26.4.751  (Relevant  and  Appropriate).  Pursuant  to  this 
section,  required  site  activities  must  be  conducted  so  as  to  avoid 
or  minimize  impacts  to  important  fish  and  wildlife  species, 
including  critical  habitat  and  any  threatened  or  endangered  species 
identified  at  the  site.  Proper  mitigation  measures  may  include 
fencing,  cover  or  other  appropriate  methods  to  exclude  wildlife 
from  ponds  that  contain  hazardous  concentrations  of  toxic- forming 
material.  Reclamation  must  provide  for  habitat  needs  for  various 
wildlife  species  in  an  equal  or  greater  capacity  than  was  provided 
prior  to  mining.  Plant  groupings  and  water  sources  must  be 
distributed  to  fulfill  the  requirements  of  fish  and  wildlife. 
Wetlands  and  other  habitats  of  unusually  high  value  for  fish  and 
wildlife  must  not  be  disturbed  and  where  practicable,  shall  be 
enhanced.  Natural  riparian  vegetation  shall  not  be  disturbed  and, 
where  practicable,  shall  be  enhanced.  Stream  channels  must  be 
restored . 


Section  26.4.761  (Relevant  and  Appropriate).  This  section 
requires  fugitive  dust  control  measures  and  specifies  a variety  of 
options  for  such  measures,  including:  watering  of  unpaved  roads, 
chemical  stabilization,  paving  roads,  prompt  removal  of  dust 
forming  debris,  restricting  vehicle  speed,  revegetating,  mulching 
or  otherwise  stabilizing  the  surface  of  all  areas  adjoining  roads 
that  are  the  sources  of  fugitive  dust,  restricting  travel  of 
unauthorized  vehicles,  enclosing,  covering,  watering  or  otherwise 
treating  loaded  haul  trucks,  substituting  conveyer  systems  for  haul 
trucks  and  covering  conveyer  systems  when  conveyed  loads  are 
subject  to  wind  erosion,  minimizing  the  area  of  disturbed  lands, 
prompt  revegetauon  of  regraded  lands,  planting  of  special  wind 
break  vegetation  at  critical  points,  restricting  activities  causing 
fugitive  dust  during  periods  of  air  stagnation,  reducing  the  period 
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of  time  between  initially  disturbing  the  soil  and  revegetating. 
Air  monitoring  equipment  must  be  installed  and  monitoring  must  be 
conducted . 


3.0.  Surface  Water. 

3.1.  General  Discussion. 

In  addition  to  the  chemical  specific  requirements  of  the 
Montana  Water  Quality  Act  and  implementing  regulations  and  the 
Public  Waters  Supply  Act  and  implementing  regulations,  both  of 
these  statutory  and  regulatory  programs  contain  action  specific 
requirements  pertinent  to  remedial  alternatives  for  the  Warm 
Springs  Ponds  being  evaluated  in  this  feasibility  study.  Those 
provisions  are  discussed  in  greater  detail  below. 

3.2.0.  Montana  Water  Oualitv  Act. 


Section  75-5-101  (Applicable).  This  section  establishes 
applicable  public  policy  of  Montana  to  "conserve  water  by 
protecting,  maintaining,  and  improving  the  quality  and  potability 
of  water  for  public  water  supplies,  wildlife,  fish  and  aquatic 
life,  agriculture,  industry,  recreation,  and  other  beneficial 
uses."  Compliance  with  this  section  can  be  achieved  by  meeting  the 
numeric  standards  set  out  in  the  discussion  of  chemical- specif ic 
ARARs  and  by  complying  with  the  requirements  identified  in  Section 

3.2.1,  below . 

Section  75-5-605  (Applicable).  Pursuant  to  this  section  it  is 
unlawful  to  cause  pollution  of  any  State  waters,  to  place  or  cause 
to  be  placed  any  wastes  in  a location  where  they  are  likely  to 
cause  pollution  of  any  State  waters,  to  violate  any  permit 
provision,  to  violate  any  provision  of  the  Montana  Water  Quality 
Act,  to  construct,  modify,  or  operate  a system  for  disposing  of 
wastes  (including  sediment,  solid  waste  and  other  substances  that 
may  pollute  State  waters)  which  discharges  into  any  State  waters 
without  a permit  or  to  discharge  wastes  into  any  State  waters. 
Discharges  or  other  activities  affecting  State  waters  conducted 
wholly  within  the  operable  unit  are  not  subject  to  permit 
requirements.  However,  the  most  downgradient  discharge  from  the 
Warm  Springs  Ponds  system  to  the  Clark  Fork  River  is  a discharge 
outside  of  or  impacting  waters  outside  of  the  operable  unit  and 
therefore,  will  be  subject  to  the  Montana  Pollution  Discharge 
Elimination  System  permit  requirements. 

3.2.1.  Montana  Surface  Water  Quality  Regulations. 

Section  16.20.633  (Applicable).  This  provision  requires  that 
State  surface  waters  be  free  from  substances  that  will,  inter  alia, 
create  concentrations  or  combinations  of  materials  which  are  toxic 
or  harmful  to  human,  animal,  plant  or  aquatic  life.  Moreover,  no 
waste  may  be  discharged  and  no  activities  conducted  such  chat  the 
waste  or  activities,  either  alone  or  in  combination  with  other 
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wastes  or  activities,  will  violate,  or  can  reasonably  be  expected 
to  violate,  any  of  the  standards.  Paragraph  4 of  this  section 
specifically  provides  that  "tailings  ponds,  or  water,  waste,  or 
product  holding  facilities  must  be  located,  constructed,  operated 
and  maintained  in  such  a manner  and  of  such  material  so  as  to 
prevent  the  discharge,  seepage,  drainage,  infiltration,  or  flow 
which  may  result  in  the  pollution  of  surface  waters."  Installation 
and  operation  of  a monitoring  system  may  also  be  required. 

Section  16.20.904  (Applicable).  This  section  establishes 
MPDES  permit  application  requirements.  These  will  apply  for  off- 
site discharges  from  the  operable  unit. 

3.3.0.  Public  Water  Supplies  Act. 

Section  75-6-112  (Applicable).  Pursuant  to  this  provision  it 
is  illegal  for  a person  to  (1)  discharge  drainage  or  other  wastes 
that:  will  cause  pollution  of  Stare  waters  used  for  domestic  use  or 
as  a source  for  a public  water  supply;  and  (2)  discharge  drainage 
or  other  waste  into  any  State  waters,  on  the  banks  of  any  State 
waters  or  into  any  abandoned  or  operating  water  well  unless  such 
waste  is  properly  treated. 

4.0.  Groundwater . 

4.1.  General  Discussion. 

The  Montana  Groundwater  Act  and  implementing  regulations 
include  several  action  specific  requirements  in  addition  to  the 
chemical  specific  requirements  identified  in  the  first  section  of 
this  appendix.  The  Montana  Hazardous  Waste  Management  Regulations 
impose,  by  reference  to  federal  regulations,  groundwater  monitoring 
requirements.  These  requirements  are  discussed  in  detail  below. 

4.2.  Montana  Groundwater  Pollution  Control  System  Regulations. 

Section  16.20.1016  (Relevant  and  Appropriate).  This  section 
establishes  special  MGWPCS  permit  conditions  that  are  relevant  and 
appropriate  for  discharges  to  groundwater  from  within  the  Warm 
Springs  Ponds  operable  unit.  These  conditions  include:  discharge 
limitations,  monitoring  requirements,  and  procedures  to  be  used  to 
alleviate  groundwater  pollution. 

4.3.  Groundwater  Protection  Regulations . 

Section  16.44.702  (Relevant  and  Appropriate).  This  section 
incorporates,  by  reference  to  federal  regulations  40  C.F.R.  Part 
264,  certain  standards  for  owners  and  operators  of  hazardous  waste 
treatment,  storage  and  disposal  facilities,  including  the 
groundwater  protection  regulations  of  40  C.F.R.  Part  264,  Subpart 
F.  Because  most:  of  the  remedial  alternatives  include  landfill 
disposal  of  wastes  in  Pond  1 and  all  alternatives  would  continue  to 
use  one  or  more  ponds  (e.g.,  surface  impoundments)  to  treat  the 
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metals  contamination  in  surface  waters  within  the  operable  unit, 
the  groundwater  protection  requirements  of  40  C.F.R.  Part  264, 
Subpart  F are  relevant  and  appropriate.  Subpart  F includes,  inter 
alia,  groundwater  monitoring  program,  monitor  well  installation, 
sampling,  sample  analysis,  reporting  and  corrective  action 
requirements . 

5.0.  Montana  Hazardous  Waste  Management  Requirements , 

5.1.  General  Discussion. 

The  Warm  Springs  Ponds  operable  unit  currently  contains 
discrete  waste  management  units,  the  ponds  themselves,  which  are 
similar  to  surface  impoundments  regulated  pursuant  to  Montana 
hazardous  waste  management  statutory  and  regulatory  requirements. 
Additionally,  certain  of  the  cleanup  alternatives  contemplate 
dewatering  of  Pond  1 and  disposal  of  contaminated  soils  and 
tailings  materials  on-site,  either  in  Pond  1 or  in  an  alternative 
landf i 11- like  cell.  Either  of  these  units.  Pond  1 or  the 
alternative  disposal  cell,  would  resemble  a landfill  unit  regulated 
by  Montana  hazardous  waste  management  requirements.  Accordingly, 
certain  landfill,  surface  impoundment,  groundwater  monitoring, 
maintenance,  closure,  post-closure  and  related  hazardous  waste 
management  requirements  are  relevant  and  appropriate  for  purposes 
of  site  cleanup. 

5.2.0.  The  Montana  Hazardous  Waste  Act. 

Section  75-10-402  (Applicable).  It  is  the  policy  of  the  State 
"to  protect  the  public  health  and  safety,  the  health  of  living 
organisms,  and  the  environment  from  the  effects  of  the  improper, 
inadequate  or  unsound  management  of  hazardous  wastes"  by 
establishing  a regulatory  program  to  assure  the  safe  and  adequate 
management  of  such  waste. 

5.2.1.  Hazardous  Waste  Management  Regulations . 

Section  16.44.701  - 16.44.703  (Relevant  and  Appropriate).  By 
reference  to  federal  regulatory  requirements,  these  sections 
establish  the  standards  for  all  permitted  hazardous  waste 
management  facilities.  Remedial  alternatives  that  contemplate 
storage  of  contaminated  soils  or  tailings  either  in  the  ponds 
themselves  or  in  an  on-site  facility  (Pond  1 or  a landf i 11- like 
unit)  are  sufficiently  similar  to  the  hazardous  waste  management 
units  regulated  pursuant  to  these  sections  that  those  regulatory 
provisions  applicable  to  surface  impoundments  and  landfill  units 
are  relevant  and  appropriate.  Pertinent  provisions  include  (by 
reference  to  the  federal  regulations  as  incorporated  in  the  Montana 
regulations):  groundwater  protection  requirements  in  40  C.F.R. 
§ 264.91  through  264.101  (discussed  in  greater  detail  in  the 
action-specific  ARARs,  Section  4.3,  above),  closure  and  post- 
closure, obligations  sec  out  in  40  C.F.R.  § 264.111  through  120, 
surface  impoundment  provisions  set  out  in  40  C.F.R.  § 264.226 
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through  228,  and  landfill  requirements  set  out  in  40  C.F.R. 

§ 264.303,  309  and  310.  Of  particular  concern  are  RCRA  landfill 
closure  requirements.  Specifically,  the  following  requirements  are 
relevant  and  appropriate. 

(1)  40  C.F.R.  § 264.111  (incorporated  by  reference  in 
ARM  § 16.44.720)  establishes  that  hazardous  waste  management 
facilities  must  be  closed  in  such  a manner  as  to  minimize  the 
need  for  further  maintenance  and  to  control,  minimize  or 
eliminate,  to  the  extent  necessary  to  protect  public  health 
and  the  environment,  post-closure  escape  of  hazardous  wastes, 
hazardous  consti tutents , leachate,  contaminated  run-off  or 
hazardous  waste  decomposition  products  to  the  ground  or 
surface  waters  or  to  the  atmosphere. 

(2)  40  C.F.R.  § 264.228(a)  (incorporated  by  reference  by 
ARM  § 16.44.702)  requires  that  at  closure,  free  liquids  must 
be  removed  or  solidified,  the  wastes  stabilized  and  the  waste 
management  unit  covered. 

(3)  40  C.F.R.  §§  264.228  and  264.310  (incorporated  by 
reference  by  ARM  § 16.44.702)  require  that  surface  impoundment 
and  landfill  caps  must:  (a)  provide  long-term  minimization 
of  migration  of  liquids  through  the  unit;  (b)  function  with 
minimum  maintenance;  (c)  promote  drainage  and  minimize  erosion 
or  abrasion  of  the  final  cover;  (d)  accomodate  settling  and 
subsidence;  and  (e)  have  a permeability  less  than  or  equal  to 
the  permeability  of  the  natural  subsoils  present. 

(4)  40  C.F.R.  § 264.228  and  264.310  (incorporated  by 
reference  by  ARM  § 16.44.702)  also  require  post-closure  care, 
including  maintenance  and  monitoring,  to  ensure  cap  integrity. 

(5)  40  C.F.R.  §§  264.116  and  264.119  (incorporated  by 
reference  by  ARM  § 16.44.702),  require,  inner  alia,  that  the 
owner  or  operator  submit  to  the  local  land  use  or  zoning 
authority  a survey  plat  indicating  the  location  and  dimensions 
of  waste  disposal  units,  together  with  the  types  and  amounts 
of  waste  disposed  of  in  each  unit.  Additionally,  the  owner 
must  record  a deed  restriction,  in  accordance  with  state  law, 
that  will  in  perpetuity  notify  potential  purchasers  that  the 
property  has  been  used  for  waste  disposal  and  that  its  use  is 
restricted . 

6.0.  Solid  Waste . 

6.1.  General  Discussion. 

All  non-liquid  waste  materials  within  the  Warm  Springs  Ponds 
operable  unit  that  are  not  regulated  under  or  subject  to  the 
preceding  hazardous  waste  management  requirements  are  subject  to 
Montana  solid  waste  management  requirements. 


6.2.0. 


The  Montana  Solid  Waste  Management  Act. 


Section  75-10-202  (Applicable).  The  Montana  Legislature  has 
found  that  the  "health  and  welfare  of  Montana  citizens  are  being 
endangered  by  improperly  operated  solid  waste  management  systems 
and  by  the  improper  and  unregulated  disposal  of  wasies. " 
Therefore,  Montana  has  declared  that  it  is  the  State's  public 
policy  to  "control  solid  waste  management  systems  to  protect  the 
public  health  and  safety  and  to  conserve  natural  resources  whenever 
possible . " 

Section  75-10-212  (Applicable).  This  section  makes  it 
unlawful  to  dispose  of  solid  waste  except  as  prescribed  by  the 
Montana  Solid  Waste  Management  Act.  Such  disposal  is  also 
prohibited  on  privately  owned  property  where  hunting,  fishing  or 
other  recreation  is  permitted,  with  certain  exceptions. 

Section  75-10-214  (Applicable).  A property  owner  may, 
however,  dispose  of  solid  waste  on  his  or  her  own  property  unless 
such  disposal  creates  a nuisance  or  public  health  hazard. 

6.2.1.  Solid  Waste  Management  Regulations . 

Section  16.14.505  (Applicable).  The  standards  for  solid  waste 
disposal  are  set  forth  in  this  provision  and  include:  preclusion 
against  location  of  solid  waste  disposal  sites  in  a 100-year 
floodplain,  a requirement  that  sites  be  located  only  in  areas  that 
will  prevent  the  pollution  of  ground  and  surface  waters  and  public 
and  private  water  supplies,  a requirement  for  drainage  structures 
to  be  installed  where  necessary  to  prevent  surface  run-off  from 
entering  disposal  areas  and  a requirement  that  sites  be  located  to 
allow  for  reclamation  and  reuse  of  the  land. 

Section  16.14.520  (Applicable).  General  operational  and 
maintenance  requirements  for  solid  waste  management  systems  are 
established  pursuant  to  this  section.  This  section  requires  that 
solid  waste  disposal  be  confined  to  areas  within  the  disposal  site 
than  can  be  effectively  maintained  and  operated. 

Section  16.14.523  (Applicable).  Solid  waste  must  be 
transported  in  such  a manner  as  to  prevent  its  discharge,  dumping, 
spilling  or  leaking  from  the  transport  vehicle. 

7.0.  Air  Quality. 

7.1.  General  Discussion. 

The  Clean  Air  Act  of  Montana  and  implementing  regulations 
include  certain  action  specific  requirements  to  ensure  that  the 
chemical  specific  standards  set  forth  in  the  first  part  of  this 
Appendix  are  met.  These  ARARs  are  discussed  in  derail  below. 


34 


7.2.  The  Clean  Air  Act  of  Montana. 


Section  75-2-1C2  (Applicable).  Montana  has  declared  it  to  be 
State  policy  to  "achieve  and  maintain  such  levels  of  air  quality  as 
will  protect  human  health  and  safety  and,  to  the  greatest  decree 
practicable,  prevent  injury  to  plant  and  animal  life  and  property, 
foster  the  comfort  and  convenience  of  the  people,  promote  the 
economic  and  social  development  of  the  State,  and  facilitate  the 
enjoyment  of  the  natural  attractions  of  this  State."  Compliance 
with  this  policy  will  be  achieved  by  meeting  the  air  quality 
standards  described  in  this  Appendix. 

7.3.  Air  Quality  Regulations. 

Section  16.8.1103  (Applicable).  This  section  requires,  for 
any  new  or  altered  source,  emission  controls  with  the  maximum  air 
pollution  control  capability  which  is  technically  practicable  and 
economically  feasible. 

Section  16.8.1401  (Applicable).  "No  person  shall  cause  or 
authorize  the  production,  handling,  transportation  or  storage  of 
any  material  unless  reasonable  precautions  to  control  emissions  of 
airborne  particulate  matter  are  taken."  Moreover,  "no  person  shall 
cause  or  authorize  the  use  of  any  street,  road  or  parking  lot 
without  taking  reasonable  precautions  to  control  emissions  of 
airborne  particulate  matter." 

Section  16.8.1427  (Applicable).  This  section  prohibits  any 
person  from  operating  any  business  or  using  any  machine,  equipment, 
device  or  facility  in  such  a manner  as  to  create  a public  nuisance. 

8.0.  Occupational  Safety. 

8.1.  General  Discussion. 

The  State  of  Montana  requires  that  precautions  and  safeguards 
be  taken  to  render  the  work  place  safe.  Certain  of  those 
requirements  have  already  been  set  forth  in  the  form  of  numeric 
exposure  values  for  worker  health  protection  against  noise  and  air 
emission  exposures  in  part  1 of  this  Appendix.  Additional  safety 
requirements  are  established  in  the  Monrana  Safety  Act  and  the 
Employee  and  Community  Hazardous  Chemical  Information  Act.  Those 
requirements  are  discussed  in  greater  detail  below. 

8.2.  The  Montana  Safety  Act. 

Section  5C-71-201  (Applicable).  This  section  requires  that 
every  employer  furnish  a safe  place  of  employment,  provide  safety 
devices  and  safeguards  and  use  practices,  operations  and  processes 
as  are  reasonably  adequate  to  render  the  place  of  employment  safe. 
The  employer  must  also  do  every  other  thing  reasonably  necessary  to 
protect  the  life  and  safety  of  its  employees. 
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8.3.  The  Employee  and  Community  Hazardous  Chemical  Information 
Act . 

Section  50-78-202  (Applicable).  This  section  requires  that 
each  employer  compile  and  maintain  a work  place  chemical  list  which 
contains  the  chemical  name  of  each  hazardous  chemical  in  the  work 
place,  cross-referenced  to  generally  used  common  names.  This  list 
must  indicate  the  work  area  in  which  each  such  hazardous  chemical 
is  stored  or  used. 

Section  50-78-203  (Applicable).  Every  employer  must  maintain 
the  most  current  material  safety  data  sheets  for  each  hazardous 
chemical  in  the  work  place. 

Section  50-78-204  (Applicable).  This  section  requires  that  an 
employee  who  may  be  exposed  to  hazardous  chemicals  must  be  informed 
of  potential  or  actual  exposure  and  provided  access  to  the  work 
place  chemical  list  and  the  material  safety  data  sheers  for  each 
hazardous  chemical. 

Section  50-78-307  (Applicable).  This  section  requires  that 
every  employer  provide,  at  least  annually,  an  education  and 
training  program  for  all  employees  using  or  handling  hazardous 
chemicals . 

9.0.  Water  Resources . 

9.1.  General  Discussion. 

The  State  of  Montana  has  promulgated  a variety  of  statutes  and 
regulations  governing  the  use,  diversion  and  appropriation  of  both 
surface  and  groundwater,  primarily  to  address  water  quantity 
issues.  Though  these  requirements  may  not  be  strictly  environmental 
limitations,  they  do  impact  environmental  quality.  Therefore,  the 
State  of  Montana  has  identified  pertinent  provisions  of  the  Montana 
Water  Development  Program  Act,  the  Natural  Streambed  and  Land 
Preservation  Act  of  1975,  the  Stream  Protection  Act,  Water 
Reservation  Regulations,  Water  Well  Construction  Regulations,  and 
Water  Quality  Regulations  as  ARARs . 

9.2.  The  Montana  Water  Development  Program  Act. 

Section  85-1-601  (Applicable).  It  is  applicable  policy  in  the 
State  of  Montana  that  "water  is  one  of  the  most  valuable  and 
important  renewable  resources  in  Montana." 

Section  85-2-101  (Applicable).  The  Stare's  water  conservation 
policy  is  designed  to  "encourage  the  wise  use  of  the  state's  water 
resources  . . . and  to  provide  for  the  wise  utilization, 
development,  and  conservation  of  the  waters  of  the  state  for  the 
maximum  benefit  of  its  people  with  the  least  possible  degradation 
or  t n e n a o u i a 1 a qu d ^ l c e^osyste m o . 


Section  85-2-412  (Applicable).  Where  a person  has  diverted 
all  of  the  water  of  a stream  by  virtue  of  prior  appropriation  and 
there  is  a surplus  of  water  so  diverted,  such  surplus  must  be 
returned  to  the  stream. 

9.3.  The  Natural  Streambed  and  Land  Preservation  Act 
of  1975. 

Section  75-7-104  (Applicable).  This  section  provides  that 
streambed  protection  requirements  shall  not  impair,  diminish, 
divest,  or  control  any  existing  or  vested  water  rights. 

9.4.  The  Streambed  Protection  Act. 

Section  87-5-506  (Applicable).  Similarly,  this  section  states 
that  stream  protection  for  fish  and  wildlife  purposes  shall  not 
operate  or  be  construed  as  to  impair,  diminish,  divest  or  control 
any  existing  or  vested  waver  righvs. 
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THE  STATE  OF  MONTANA 


IDENTIFICATION  OF  OTHER  GUIDANCE 
TO  BE  CONSIDERED  ("TBCs" ) 

In  addition  to  considering  ARARs,  a feasibility  study  must 
also  identify  and  incorporate  other  federal  and  state  "criteria, 
advisories  and  guidance"  (known  as  "TBCs")  that  ensure  protection 
of  human  health  and  the  environment  and  are  appropriate  for  the 
circumstances  at  the  site.  In  that  category  Montana  has  identified 
certain  proposed  maximum  contaminant  level  goals  ("MCLGs")  and 
ambient  air  guidelines  for  non-criteria  air  pollutants,  as  more 
specifically  described  below. 

Superfund  Section  121(d),  42  U.S.C.  § 9621(d),  provides  that 
maximum  contaminant  level  goals  ("MCLGs")  established  under  the 
federal  Safe  Drinking  Water  Act  are  properly  considered  for  remedy 
selection  purposes.  Maximum  Contaminant  Level  Goals  are  the  maximum 
level  of  a contaminant  in  drinking  water  at  which  no  known  or 
anticipated  adverse  effect  on  the  health  of  persons  would  occur  and 
which  allow  an  adequate  margin  of  safety.  While  there  are  no  MCLGs 
yet  established  for  the  metal  contaminants  of  concern  at  Warm 
Springs  Ponds,  MCLGs  have  been  proposed  for  several  of  these 
metals.  (54  Fed.  Reg.  22,062,  May  22,  1989).  Because  the  values 
have  not  been  "duly  promulgated",  Montana  has  identified  them  as 
standards  to  be  considered,  consistent  with  the  NCP,  40  C.F.R. 
§ 300. 68(i ) (4) . 

Constituent Concentration  (mg/1) 


Cadmium  0 . 005 
Beryllium  - 0 - 
Arsenic  - 0 - 
Mercury  0 . 002 
Selenium  0.05 


Lastly,  the  State  of  Montana  has  developed  Ambient  Air 
Guidelines  for  Non-Criteria  Air  Pollutants.  These  Guidelines 
incorporate  threshold  limit  values  ("TLVs"),  representing 
conditions  under  which  it  is  believed  that  nearly  all  workers  may 
be  repeatedly  exposed,  day  after  day,  without  adverse  effect.  The 
TLVs  are  derived  from  the  best  available  information  from 
industrial  experience,  experimental  human  studies,  experimental 
animal  studies  or  a combination  of  all  three.  However,  rarely  are 
the  values  based  on  comprehensive  analysis  of  human  exposures  (such 
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studies  present  a tremendous  risk)  and,  therefore,  the  TLVs  may 
not  be  fully  protective  of  all  exposed  populations.  The  Guidelines 
calculate  and  present  1-hour,  24-hour  and  annual  average  exposure 
concentrations  believed  to  be  safe.  The  following  Guidelines  are 
not  "duly  promulgated"  regulations,  but  should  be  considered  in 
selecting  the  cleanup  for  the  Warm  Springs  Ponds  operable  unit: 

Annual 


Metal 

TLV 

1-hour 

24-hour 

Average 

Aluminum 

2,000 

47 . 62 

15.71 

2 . 62 

Arsenic 

50 

1 . 19 

0.39 

0.07 

Cadmium 

50 

1 . 19 

0.39 

0.07 

Copper 

200 

4.76 

1 . 57 

0.26 

I ron 

1,000 

23 .81 

7 . 86 

1 .31 

Lead 

150 

3 . 57 

1 . 19 

0.20 

Manganese 

1,000 

23 . 81 

7 . 86 

1 .31 

Selenium 

200 

4.76 

1 . 57 

0.26 

Silica 

3 , 000 

71 . 43 

23 . 57 

3 . 93 

Silver 

10 

0.24 

0.08 

0.01 

Zinc 

5,000 

119.05 

39.29 

6.55 

39 


STATE  OF  MONTANA 

NONCOMPREHENSIVE  LIST  OF  REQUIREMENTS  FOR 
REMEDIAL  DESIGN,  IMPLEMENTATION,  OPERATION 

AND  MAINTENANCE 

Superfund  defines  as  ARARs  only  federal  envi ronmenial  laws  and 
state  environmental  or  facility  siting  laws.  Remedial  design, 
implementation,  operation  and  maintenance  must  nevertheless,  comply 
with  all  other  applicable  laws,  both  state  and  federal.  Many  such 
laws,  while  not  strictly  environmental  or  facility  siting  laws, 
have  environmental  impacts.  The  State  of  Montana  has  identified, 
below,  a non-comprehensive  list  of  state  law  requirements  to  be 
incorporated  in  the  record  of  decision,  during  remedial  design,  or 
for  remedy  implementation,  operation  or  maintenance. 

1.0.  Montana  Dam  Safety  Requirements . 

Section  85-15-210.  A high-hazard  dam  cannot  be  constructed, 
altered,  repaired,  enlarged  or  removed  without  first  obtaining  a 
construction  permit  from  DNRC . Because  the  dam  construction 
activity  would  be  conducted  wholly  within  the  operable  unit,  a 
permit  would  not  be  required  for  remedial  activities  conducted 
pursuant  to  CERCLA.  Moreover,  in  accordance  with  Section  85-15- 
107,  because  the  Ponds'  dams  were  inspected  by  the  U.S.  Army  Corp 
of  Engineers,  Sections  85-15-209  through  85-15-216,  -305,  -401, 

501  and  -502  do  not  apply  until  July  1,  1990.  Nevertheless,  the 
information  requirements  for  high-hazard  dam  construction  permits, 
including  specifications  for  the  proposed  construction  will  be 
required  for  the  alteration,  repair,  or  construction  of  dams  at  the 
Warm  Springs  Ponds  operable  unit. 

Section  85-15-211.  An  engineer  must  be  in  charge  of  and 
responsible  for  inspections  during  construction  of  any  high-hazard 
dam.  The  engineer's  reports  would  then  be  submitted  to  the  State 
and  made  a part  of  the  record  for  the  Warm  Springs  Ponds  operable 
unit . 


Section  85-15-212.  This  section  requires  an  operating  plan 
which  specifies  operation  procedures,  maintenance  procedures  for 
the  dam  and  appurtenant  works,  emergency  procedures,  and  warning 
plans.  These  procedures  and  plans  must  be  submitted  for  review  and 
approval  by  the  State  of  Montana  and  USEPA  during  remedy 
implementation . 

Section  85-15-213.  Pursuant  to  this  section,  the  owner  is 
responsible  for  inspections  of  high-hazard  dams,  at  least  once 
every  five  years,  in  order  to  ensure  the  continued  safe  operation 
of  the  dam.  Each  such  inspection  must  be  reported  to  the  State  and 
USEPA  and  such  reports  will  be  made  a part  of  the  record  for  the 
Warm  Springs  Ponds  operable  unit. 


40 


2.0.  Montana  Dam  Safety  Regulations . 


Section  36.14.301.  An  engineering  design  report,  prepared  by 
or  under  the  supervision  of  and  certified  by  an  engineer,  and 
construction  plans  and  specifications  must  be  submitted  pursuant  to 
this  section  to  construct,  alter,  repair,  enlarge  or  remove  a 
high-hazard  dam.  Though  no  construction  permit  would  be  required 
for  work  conducted  wholly  within  the  Warm  Springs  Ponds  operable 
unit,  the  design  report,  plans  and  specifications  will  be  required 
for  review  and  approval  by  the  State  and  USEPA  prior  to  remedy 
implementation . 

Section  36.14.303.  Per  this  section,  the  engineering  and 
design  report,  to  be  evaluated  before  remedy  implementation,  should 
include,  but  not  be  limited  to:  (1)  the  location  of  the  proposed 

dam;  (2)  the  type,  size,  and  height  of  the  proposed  dam;  (3)  the 
storage  capacity  and  reservoir  surface  area  for  normal  and  maximum 
waier  surface  elevation;  (4)  a general  description  of  the  dam  and 
appurtenances;  (5)  maps  showing  the  location  of  the  structure, 
including  roads  and  access  to  the  sire;  (6)  an  outlet  discharge 
capacity  rating  table  referenced  to  reservoir  elevations;  (7)  a 
table  showing  the  reservoir  area  (in  acres)  and  storage  capacity 
(in  acre-feet)  for  each  foot  of  elevation  from  0 storage  to  the 
crest  of  the  dam;  (8)  photographs  of  the  site;  (9)  a geology  report 
summarizing  geologic  factors  of  the  area  and  dam  foundation, 
including  faults,  seismicity  and  an  evaluation  of  the  reservoir 
perimeter  for  slide  potential;  (10)  a geotechnical  report 
describing  the  investigation,  evaluation  and  design  of  the 
foundation,  abutments,  and  embankment  of  the  dam  and  the  borrow 
materials  including  an  analysis  of  dam  stability  under  all 
operating  conditions,  including  design  earthquake  loading;  (11)  a 
hydrologic  and  hydraulic  report;  (12)  a drainage  design  report; 
(13)  a quality  control  plan;  (14)  a plan  for  monitoring 
performance;  and  (15)  a report  of  other  design  data,  assumptions 
and  analysis  pertinent  to  the  individual  dams  and  site  conditions. 

Section  36.14.304.  The  required  construction  plans  that  must 
be  submitted  for  agency  review  and  approval  prior  to  remedy 
implementation  should  include  the  following: 

1.  Site  maps  that  include  but  are  not  limited  ro : 

(a)  plan  view; 

(b)  topography  of  site; 

(c)  land  ownership; 

(d)  baselines; 

(e)  center  line  of  embankment; 

(f)  property  lines  and  fence  lines; 

(g)  construction  limits; 

(h)  utility  lines  and  pipelines; 

(i)  roadways,  highways  and  railroads; 

(j)  bench  marks  to  mean  sea  level; 

(k)  borrow  areas  and  waste  areas; 

(l)  clearing  and  grubbing  areas; 
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(m)  waterways,  diversions  and  channel  improvements; 

(n)  wells; 

(o)  fence  removal  and  construction; 

(p)  location  of  springs,  seeps,  underground  mines,  mine 

drainage  and  openings,  and  subdrainage  system;  and 

(q)  project  stationing,  cross-sections,  borings  and  test 
pits . 

2.  A profile  along  the  dam  axis  and  borrow  area  showing  the 
location,  elevations  and  depths  of  borings  or  test  pits  and  logs  of 
bore  holes  and  test  pits; 

3.  A maximum  cross-section  of  the  dam  showing  elevation  and 
width  of  crest,  slopes  of  upstream  and  downstream  faces,  thickness 
of  riprap,  road  embankments,  location  of  internal  drains  and 
filters,  core  trenches,  elevation  size  and  type  of  cutlet  conduit, 
valves,  operating  mechanisms  and  dimensions  of  all  other  essential 
structural  elements; 

4.  Details  of  the  outlet  works; 

5.  Plan,  profile  and  control  section  of  all  spillways, 
including  complex  control  structures  and  concrete  chutes,  or  energy 
dissipating  devices; 

6.  Drawings  showing  subdrains,  anti -seep  mechanisms  and 
other  pertinent  structures; 

7.  Foundation  plans  showing  limits  of  excavation, 
construction  keying  the  dam  to  the  foundation  and  the  abutments, 
and  construction  to  control  seepage; 

8.  Details  of  diversion  scheme; 

9.  Location  and  types  of  instrumentation  of  drainage  or 
seepage  control  facilities;  and 

10.  Other  drawings,  schedules  and  notes  required  for 
construction  and  technical  review. 

Section  36.14.305.  This  section  details  the  construction 
material  specifications  which  must  be  provided  for  review  and 
approval  by  the  agencies  prior  to  remedy  implementation,  including 
but  not  limited  to: 

1.  Technical  provisions  describing  the  method  of 
construction  and  quality  control  including: 

(a)  Clearing  and  grubbing  and  other  site  preparation; 

(b)  Foundation  preparation  and  construction 

requirements ; 


(c)  Spreading  and  compaction  requirements  including  lift 
thickness,  moisture  content,  and  degree  of 
compaction  with  appropriate  compaction  curves, 
slopes  and  grades; 

(d)  Material  and  gradation  and  construction  requirements 
for  filters  and  drains; 

(e)  Material  and  installation  requirements  for  pipes  and 
fittings ; 

(f)  Material  and  placement  requirements  for  concrete; 

(g)  Installation  of  monitoring  devices; 

(h)  Revegetation  and  permanent  erosion  control, 
including  slope  protection; 

(i)  Public  safety; 

(j)  Construction  erosion  and  sediment  control;  and 

(k)  Material  and  installation  requirements  for 
equipment . 

2.  Inspection  requirements;  and 

3.  A provision  precluding  material  change  in  plans  and 

specifications  without  written  approval. 

Section  36.14.306.  This  section  establishes  engineering 
design  report,  plans  and  specifications  requirements  to  repair, 
alter  or  enlarge  an  existing  dam.  Though  a permit  is  not  required 
for  activities  conducted  wholly  on-site,  these  information 
requirements  are  necessary  to  evaluate  the  expected  safety  of  the 
dam,  will  be  required,  and  include  the  following: 

1.  Appropriate  geotechnical,  hydrologic  and  hydraulic 

calculations  and  assumptions  relative  to  design  of  dam  alterations; 

2.  Reservoir  operations  during  the  construction  including 

draw  down  and  refill  schedules; 


3.  Seepage  control,  including  measures  taken  to  protect  the 
integrity  of  the  dam  during  construction; 

4.  Drawings  showing  appropriate  cross-sections  and  profile 
views  clearly  identifying  the  extent  of  alteration  work  to  be 
performed;  and 


5.  Technical  provisions  to  describe  the  method  of 
construction  and  quality  control  for  the  proposed  work. 


Section  36.14.30S.  Pursuant  to  this  section,  removal,  partial 
removal  or  abandonment  of  a dam  is  prohibited  unless  an  engineering 
report  containing  the  information  set  out  in  this  section  has  been 
reviewed  and  approved.  Though  a permit  is  not  required  for 
Superfund  activities  conducted  wholly  on-site,  the  following 
information  requirements  are  necessary  to  evaluate  the  expected 
safety  of  the  dam  and  will  be  required: 


1.  Site  location; 

2.  Method  of  draining  the  reservoir  during  removal; 

3.  Method  of  disposal  or  stabilization  of  the  sediments; 

4.  Disposition  of  the  dam  material; 

5.  Description  of  reclamation  action;  and 

6.  Means  for  removal  of  the  dam  to  prevent  future 
impoundment . 

Section  36.14.309.  Pursuant  to  this  section  after  a remedy  is 
selected,  additional  requirements  apply  for  dam  construction 
activities,  including  but  not  limited  to: 

1.  Construction  must  be  started  within  one 
year  from  the  date  of  approval  unless  an  extension 
is  granted; 

2.  The  owner  shall  provide  evidence  that  a 
performance  bond  has  been  obtained  by  the 
contractor  for  the  completion  of  construction  in  an 
amount  of  at  least  100%  of  the  estimated  cost  of 
the  project; 

3.  One  set  of  as-built  drawings  and 
descriptive  matter  prepared  by  the  engineer  and  any 
other  items  that  may  be  of  permanent  value  and 
having  a bearing  on  the  safe  performance  of  the  dam 
or  reservoir  must  be  submitted  to  the  agencies;  and 


4.  If  a dangerous  or  emergency  condition 
develops  during  construction  the  owner  shall 

initiate  a plan  to  immediately  correct  the 
condition  and  notify  the  department. 

Section  36.14.310.  The  owner  must  give  ten  days  advance 
notice  of  the  engineer’s  final  construction  inspection. 

Section  36.14.311.  The  owner  may  not  release  the  performance 
bond  any  sooner  than  one  year  after  completion  of  construction. 
Moreover,  should  the  owner  or  surety  abandon  the  project  it  mus 
immediately  notify  the  State  and  EPA  in  writing  of  the  abandonmen 
and,  if  during  construction,  submit  suitable  plans  and  render  the 
dam  safe. 
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(36.14.406),  and  operating  permit  terms  and  conditions  (36.14.407). 
Though  permits  will  not  be  required  for  activities  conducted  wholly 
on-site,  within  the  Warm  Springs  Ponds  operable  unit,  the 
information  requested  in  these  sections  will  be  required  for  review 
and  approval  by  the  agencies  before  remedy  implementation. 

Section  36.14.503.  There  must  be  a means  to  measure  the 
reservoir  water  level  to  within  one-tenth  of  a foot  and  ail  dams 
must  have  an  adequate  seepage  monitoring  and  collection  system. 

Section  36.14.601.  This  section  requires  that  the  owner  of  a 
high-hazard  dam  have  a qualified  engineer  periodically  conduct  and 
report  inspections.  All  records  of  such  inspections  must  be 
retained  by  the  owner.  The  costs  of  such  inspection  must  be  borne 
by  the  owner. 

Section  36.14.602.  This  section  specifies  the  items  that  must 
be  inspected  during  periodic  inspections,  including:  visual 
inspection,  evaluation  of  the  general  conditions  of  the  dam, 
spillways,  and  other  appurtenances,  and  any  other  conditions  that 
constitute  or  could  constitute  a hazard  to  the  integrity  of  the 
structure;  evaluation  of  operation,  maintenance,  emergency  and 
inspection  procedures  employed  by  the  owner;  analysis  of  data  from 
any  instrumentation  or  monitoring  of  the  dam;  review  and  analysis 
of  the  rate  and  volume  of  seepage;  and  review  and  documentation  of 
additional  spillways. 

Section  36.14.603.  Pursuant  to  this  section  the  engineer  must 
prepare  a written  report  and  photographic  record  of  each  periodic 
inspection.  This  section  further  specifies  the  required  contents 
of  such  report. 

3.0.  Montana  Reclamation  Requirements . 

Section  82-4-222.  This  section  imposes  requirements  for  a 
detailed  plan  for  reclamation,  revegetation,  and  rehabilitation  of 
the  land  or  water  affected  by  the  operation.  The  plan  must 
include,  but  is  not  limited  to:  (1)  the  location  and  area  of  land 
affected;  (2)  the  annual  rainfall  and  the  direction  and  average 
velocity  of  prevailing  winds  in  the  area;  (3)  the  results  of  any 
test  borings  or  core  sampling,  including  the  nature  and  depth  of 
various  strata  or  overburden  and  top  soil;  (4)  a determination  of 
the  probable  hydrologic  consequences  of  reclamation  operations, 
with  respect  to  the  quantity  and  quality  of  water,  including  the 
dissolved  and  suspended  solids  under  seasonal  flow  conditions; 
(5)  a listing  of  plant  varieties  encountered  in  the  area  to  be 
affected  and  their  relative  dominance  in  the  area  together  with  an 
enumeration  of  tree  varieties  and  the  approximate  number  of  each 
variety  occurring  per  acre;  (6)  the  estimate  cost  for  backfilling, 
subsidance  stabilization,  water  control,  grading  work,  top  soiling, 
planting,  revegetating,  and  reclamation  plan. 
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Section  82-4-223.  This  section  requires  that  a bond  payable 
to  the  State  of  Montana  with  surety  satisfactory  to  the  State  be 
posted  in  the  minimum  amount  of  $10,000.00. 

Section  82-4-237.  In  accordance  with  this  section,  the 
operator  must  file  an  annual  report  with  the  Department  of  State 
Lands.  This  section  is  relevant  and  appropriate  and,  for  Superfund 
site  reclamation  purposes  would  be  applied  to  require  submittal  of 
the  annual  report  to  the  State  and  USEPA  including  such  information 
as  the  progress  of  all  reclamation  work,  including  the  type  of 
planting  or  seeding,  mixture  and  amount  of  seed,  date  of  planting 
or  seeding,  and  area  of  land  planted. 

Section  26.4.305.  This  section  requires  that  various  maps  be 
provided  to  the  State,  including:  (1)  the  owners  of  record  of  the 
land  surface  to  be  affected  by  operation;  (2)  the  location  and 
boundaries  of  any  proposed  reference  areas  for  determining  the 
success  of  revegetation;  (3)  the  boundaries  of  any  public  park  and 
locations  of  any  cultural  or  historical  resources;  (4)  elevations 
and  locations  of  monitoring  stations  used  to  gather  data  for  water 
quality  and  quantity,  fish  and  wildlife,  and  air  quality;  (5)  each 
water  diversion,  collection,  conveyance,  treatment,  storage,  and 
discharge  facility  to  be  used;  (6)  each  air  pollution  collection 
and  control  facility;  (7)  the  location  of  proposed  revegetation 
communities  and  fish,  wildlife  and  related  environmental 
enhancement  features;  (8)  the  location  of  each  sedimentation  pond 
and  fill  area;  (9)  the  final  surface  drainage  plan;  and  (10)  the 
location  of  test  boring  holes. 

Section  26.4.317.  This  section  requires  that  stream  channel 
diversions  be  described,  with  maps  and  cross-sections. 

Section  26.4.320.  In  accordance  with  this  section,  a 
description,  including  maps  and  cross-section  drawings  of  proposed 
disposal  sites  and  spoil  disposal  .structures  is  required. 
Compliance  with  the  requirements  of  this  section  will  be  required 
for  on-site  disposal  of  tailings  and  contaminated  soils. 

Section  26.4.519.  The  operator  may  be  required  to  monitor 
settling  of  re-graded  areas  in  accordance  w7ith  this  section. 

Section  26.4.645.  Pursuant  to  this  section  groundwater  levels, 
infiltration  rates,  subsurface  flow,  storage  characteristics  and 
the  quality  of  groundwater  must  be  monitored  to  determine  the 
effects  of  mining  operations. 

Section  26.4.646.  In  addition,  surface  water  monitoring  must 
be  conducted  in  a manner  which  is  adequate  to  measure  accurately 
and  record  water  quantity  and  quality  of  all  discharges  from  the 
permit  area. 
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Section  26.4.723.  This  section  requires  periodic  monitoring 
of  vegetation,  soils  and  wildlife,  together  with  submittal  of  data 
obtained  by  such  monitoring. 

Section  26.4.731.  Where  toxicity  to  animal  consumers  is 
suspecred  due  no  rhe  effects  of  mining,  comparative  chemical 
analysis  of  the  vegetation  in  the  revegetated  area  and  the 
reference  area  may  be  required. 

4.0.  Reclamation  Bonding , Insurance , Reporting  and  Special 
Areas  Regulations . 


Section  26.4.1102  through  26.4.1119.  These  provisions 
establish  bond  amount  requirements  (26.4.1102);  the  period  of  bond 
liability  (26.4.1103);  the  proper  bond  form  (26.4.1105);  bond  terms 
and  conditions  (26.4.1106);  other  bond  forms  including  certificates 
of  deposit  (26.4.1108)  or  letters  of  credit  (26.4.1109); 
replacement  bond  requirements  (26.4.1110);  bond  release  application 
content  requirements  (26.4.1111);  requirements  for  advertising  of 
such  application  for  bond  release  (26.4.1112);  inspection 
requirements  prior  to  bond  release  (26.4.1113);  bond  release 
criteria  (26.4.1116);  bond  forfeiture  procedures  (26.4.1117);  bond 
forfeiture  effects  (26.4.1118);  and  bond  forfeiture  criteria 
(26.4. 1119) . 

Section  26.4.1125.  This  provision  specifies  liability 
insurance  requirements  and  requires  a minimum  of  $300,000.00  bodily 
injury  coverage  for  each  occurrence  and  $500,000.00  in  the 
aggregate  and  $300,000.00  property  damage  foi.  each  occurrence  and 
$500,000.00  in  the  aggregate. 

Section  26.4.1129.  This  section  requires  the  operator  to 
submit  an  annual  report  concerning  reclamation  activities. 

5.0.  Surface  Water  Quality  Requirements . 

Section  75-5-602.  DHES  may  require  the  owner  or  operator  of 
any  point  source  (such  as  the  Warm  Springs  Ponds)  to  install,  use 
and  maintain  monitoring  equipment,  including  biological  monitoring, 
to  sample  effluents,  to  make  reports  and  provide  such  ether 
information  as  may  be  reasonably  required. 

Section  16.20.635.  This  section  identifies  acceptable  methods 
of  sample  collection,  preservation  and  analysis  to  determine 
compliance  with  surface  water  quality  standards. 

Section  16.20.642.  This  provision  requires  that  bicassay 
tolerance  concentrations  be  determined  and  specifies  the  manner  for 
such  determination. 
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Section  75-6-105.  Logs  from  any  water  well  drilled  to  furnish 
water  for  public  consumption  must  record  the  depth,  thickness,  and 
character  of  different  strata  and  other  related  information  and  be 
furnished  to  MDHES. 

Section  16.20.211.  Pursuant  to  this  section  water  must  be 
analyzed  for  the  following  inorganic  chemicals  every  three  years 
for  community  groundwater  supplies  and  annually  for  community 
surface  water  supplies:  arsenic,  cadmium,  lead,  mercury,  nitrate 
(as  N),  selenium  and  silver. 

Section  16.20.212.  - 16.20.219.  These  provisions  establish 
sampling  and  testing  requirements. 

6.0.  Groundwater  Quality  Requirements. 

Section  85-2-516.  Within  sixty  days  after  any  well  is 
completed  a well  log  report  must  be  filed  by  the  driller  with  the 
DNRC . 


Section  16.20.1013.  This  section  requires  that  any  existing 
source  or  any  proposed  source  which  discharges  or  may  discharge 
pollutants  into  State  groundwater  must  obtain  a Montana  groundwater 
pollution  control  system  ("MGWPCS")  permit.  Though  no  permit  will 
be  required  for  Superfund  remedial  activities  conducted  wholly  on- 
site, the  information  required  by  this  section  must  be  provided. 
Pertinent  information  requirements  include:  location  of  adjacent 
State  surface  waters,  list  of  surface  owners  and  lessees  of  land 
within  one  mile  of  the  proposed  source,  information  describing 
existing  groundwater  quality  and  uses  within  one  mile  of  the  site, 
soil  conditions,  geological  conditions,  groundwater 
characteristics,  local  hydrogeology,  and  proposed  measures  to  be 
taken  to  provide  alternative  water  supplies  in  the  event  any 
domestic,  municipal,  agricultural  or  commercial  or  industrial  well 
is  adversely  af feezed  by  the  operation  of  the  source. 

Section  16.20.1025.  Pursuant  to  this  section  the  owner, 
operator  or  person  responsible  for  a spill  or  unanticipated 
discharge  of  any  toxic  substances  that  may  lower  the  quality  of 
groundwater  below  groundwater  quality  standards  must  notify  the 
State  as  soon  as  possible  of  such  discharge. 

7.0.  Hazardous  Waste  Management  Requirements . 

Section  75-10-406.  This  section  precludes  the  construction  or 
operation  of  a hazardous  waste  management  facility  without  review 
and  approval  from  DHES  for  such  facility.  Though  no  permit  is 
required  for  Superfund  remedial  activities  conducted  wholly  on- 
site, the  information  required  by  this  section,  including  an 
operation  and  maintenance  plan,  must  be  provided. 
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Section  75-10-409.  The  facility  owner  or  operator  may  be 
required  to  install  monitoring  equipment,  collect  and  analyze 
samples,  maintain  records  and  demonstrate  compliance  with  Montana 
hazardous  waste  management  requirements. 

Section  16.44.109  and  16.44.110.  These  provisions  establish 
monitoring,  record  keeping,  and  reporting  requirements  and  the 
option  for  DHES  to  establish  additional  permit  conditions  on  a 
case-by-case  basis. 

Section  16.44.120.  This  section  establishes  Part  B permit 
application  requirements.  The  permit,  itself,  will  not  be  required 
for  remedial  activity  conducted  wholly  on-site.  However,  the 
information  required  by  this  section  will  be  required  and  should  be 
incorporated,  at  a minimum,  during  the  design  phase.  Pertinent 
information  requirements  include:  relationship  to  adjacent 
groundwater,  security  procedures,  plans  for  spill  prevention  and 
containment,  proximity  to  fault  zones,  plans  for  closure  and  post- 
closure care  and  associated  cost  estimates,  insurance  and  financial 
guarantiees,  and  a description  of  the  nature,  design,  operation  and 
maintenance  of  hazardous  waste  management  facilities  which  store, 
treat  or  dispose  of  hazardous  waste  in  surface  impoundments,  waste 
piles,  or  landfills. 

Section  16.44.804  - 16.44.823.  These  sections  establish 
closure  and  post-closure  financial  assurance  requirements  for 
hazardous  waste  management  facilities  and  are  relevant  and 
appropriate  for  the  Ponds  as  waste  management  units. 

8.0.  Solid  Waste  Management  Requirements. 

Section  75-10-221.  Except  as  provided  in  MCA  § 75-10-214,  no 
person  may  dispose  of  solid  waste  or  operate  a solid  waste 
management  system  without  a license  from  DHES.  Though  a license 
would  nor  be  required  for  Superfund  remedial  activity  conducted 
wholly  on-site,  the  operation  and  maintenance  information  is 
pertinent  and  will  be  required. 

9.0.  Air  Quality  Requirements. 

Section  75-2-211.  This  section  requires  construction  and 
operation  permits  for  any  machine,  equipment,  device  or  facility 
which  may  directly  or  indirectly  cause  or  contribute  to  air 
pollution.  Though  construction  and  operation  permits  will  not  be 
required  for  Superfund  remedial  activity  conducted  wholly  within 
the  Warm  Springs  Ponds  operable  unit,  the  emissions  evaluation 
process  contemplated  by  this  section  is  required. 

Section  16.8.809.  Sampling,  data  collection,  recording  and 
data  analysis  must  be  performed  as  specified  in  this  section. 

Section  16.8.927.  This  provision  describes  how  air  emission 
concentrations  are  to  be  determined. 
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10.0. 


Water  Use  Restrictions. 


Section  85-2-301.  A person  may  only  appropriate  water  for  a 
beneficial  use. 

Section  85-2-302.  Pursuant  to  this  provision  a person  may  not 
appropriate  water  or  commence  construction  of  diversion, 
impoundment,  withdrawal,  or  distribution  works  therefore  except  by 
applying  for  and  receiving  a permit  from  the  DNRC . Though  permit 
requirements  are  not  applicable  to  Superfund  remedial  activities 
conducted  wholly  on-site,  the  information  required  for  such  a 
permit  must  be  provided. 

Section  85-2-305.  A person  intending  to  appropriate  water  by 
means  of  a reservoir  must  also  apply  for  a permit.  Though  permit 
requirements  are  not  applicable  to  Superfund  remedial  activities 
conducted  wholly  on-site,  the  information  required  for  a permit 
must  be  provided. 

Section  85-2-306.  Appropriation  of  groundwater  may  also 
require  a permit  and,  at  a minimum,  requires  notice  of  completion 
and  appropriation  within  sixty  days  of  well  completion. 

Section  85-2-311.  This  section  specifies  the  criteria  which 
must  be  met  in  order  to  receive  a permit  for  appropriation  of 
waters  and  includes  requirements  that:  (1)  there  are 
unappropriated  waters  in  the  source  of  supply;  (2)  the  proposed 
use  of  water  is  a beneficial  use;  and  (3)  the  proposed  use  will 
not  interfere  unreasonably  with  other  planned  uses  or  developments. 

Section  85-2-402.  An  appropriator  may  not  change  an 
appropri ational  right  except  as  provided  in  this  section  and  with 
the  approval  of  the  Department  of  Natural  Resources  and 
Conservation . 

Sections  36.16.104  through  36.16.106.  These  sections 
establish  water  reservation  application  and  application  content 
requirements.  Though  the  permit  application  requirements  are  not 
applicable,  the  information  required  by  these  sections  must  be 
provided . 

11.0.  Water  Well  Construction  Regulations. 

Section  36.21.402,  36.21.403,  36.21.405,  36.21.406  and 
31.21.411.  These  provisions  establish  that  water  well  contractors 
and  drillers  muse  be  licensed  and  set  forth  license  content  and 
licensure  bonding  requirements. 

Section  36.21.701  and  36.21.703.  Pursuant  to  these  sections 
monitoring  well  constructors  must  also  be  licensed  and  must  verify 
their  experience. 
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Section  16.20.405.  Any  person  or  firm  drilling  or  causing  any 
water  well  to  be  drilled  within  the  State  of  Montana  for  use  in 
furnishing  water  directly  or  indirectly  for  public  consumption  or 
use  must  register  with  DHES. 
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USEPA  DETERMINATION  OF  ARARs 


I 


i 


( 


INITIAL  SCREENING  OF  POTENTIAL  UNIVERSE  OF  APPLICABLE  OR  RELEVANT 
AND  APPROPRIATE  REQUIREMENTS  FOR  THE  WARM  SPRINGS  PONDS  OPERABLE 

UNIT,  SILVER  BOW  CREEK  NPL  SITE 


The  following  is  a list  of  the  universe  of  potential  applicable 
or  relevant  and  appropriate  requirements  (ARARs)  for  Clark  Fork 
Basin  Superfund  sites.  The  list  consists  primarily  of  ARARs 
developed  by  the  ARAR  subcommittee  of  the  Clark  Fork  Forum,  and 
has  generally  been  agreed  to  by  members  of  the  forum  as  the 
starting  point  for  ARAR  evaluation  at  Clark  Fork  sites.  The  list 
also  contains  some  additional  potential  ARARs,  which  were 
identified  by  EPA  subsequent  to  the  subcommittee's  work. 

This  document  represents  EPA ' s initial  screening  of  potential 
ARARs.  Full  development  and  explanation  of  final  potential  ARARs 
are  found  in  a separate  document,  Final  Narrative  Explanation  of 
Potential  Federal  ARARs  for  the  Warm  Springs  Ponds  operable  unit. 
Silver  Bow  Creek  NPL  Site.  Final  ARARs  will  be  chosen  in  the 
Record  of  Decision  (ROD). 

Citation  Applicable  Relevant  and 

Appropriate 


CONTAMINANT  SPECIFIC 


Safe  Drinking  Water  Act, 

42  U.S.C.  § 300f  et  seq. 

National  Primary  Drinking 
Water  Standards,  40  CFR 

Part  141  no  yes 

National  Secondary  Drinking 
Water  Standards,  40  CFR 

Part  143  no  no 

Maximum  Contaminant  Level 

Goals,  40  CFR  Part  141  no  no 

Clean  Water  Act,  33  U.S.C. 

§§  1251  - 1376 


Water  Quality  Criteria 
40  CFR  Part  1 31 


no 


yes 


* 


i 


i 


Standards  under  section 
402  of  the  CWA , 42  U.S.C. 
§ 1 342 


yes 


no 


Clean  Air  Act,  42  U.S.C. 
§§  7401  - 7642 


National  Primary  and  Secondary 
Ambient  Air  Quality 
Standards,  40  CFR  Part  50 


no 


yes 


National  Emission  Standards 
for  Hazardous  Air  Pollutants 
40  CFR  Part  61 


no 


yes 


Toxic  Substances  Control  Act 
15  U.S.C.  §§  2601  - 2629 


PCB  Requirements,  40  CFR  Part 
761 


no 


no 


Uranium  Mill  Tailings 
Radiation  Control  Act,  42  U.S.C. 

§§  7901  - 7942  and  42  U.S.C. 

§§2022 

Standards  for  Remedial  Actions 

at  Uranium  Processing  Sites,  40 

CFR  Parts  190  and  192  no  no 

Atomic  Energy  Act  and  Energy 
Reorganization  Act, 

Standards  for  Protection 
Against  Radiation,  10  CFR 

Part  20  no  no 

Solid  Waste  Disposal  Act 
( RCRA ) , 42  U.S.C.  §§ 

6901  - 6987 

Identification,  40  CFR  Part 

261  no  no 

Maximum  Concentration  Limits, 

40  CFR  Part  264  no  yes 

Occupational  Health  and  Safety 
Act,  29  U.S.C.  §§  651  - 678 


Occupational  Safety  and  Health 

Standards,  40  CFR  Part  1910  yes  no 
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ACTION  SPECIFIC 


Guidelines  for  Land  Disposal 

of  Solid  Waste,  40  CFR  241  no  no 

Criteria  for  Solid  Waste 
Classification  and  Disposal, 

40  CFR  Part  257  yes  no 

Hazardous  Waste  Management 
Systems:  General,  40  CFR 

Part  260  no  no 

Standards  Applicable  to 
Generators  of  Hazardous  Waste, 

40  CFR  Part  262  no  no 

Standards  Applicable  to 
Transporters  of  Hazardous 

Waste,  40  CFR  Part  263  no  no 

Standards  for  Owners  of 
Operators  of  Hazardous  Waste 
Treatment,  Storage  and  Disposal 

Facilities,  40  CFR  Part  264  no  yes 

Standards  for  the  Management 
of  Specific  Types  of  Hazardous 
Waste  Management  Facilities, 

40  CFR  Part  266  no  no 

Interim  Standards  for  Owners 
and  Operators  of  New  Hazardous 
Waste  Facilities,  40  CFR  Part 

267  no  no 

Underground  Tanks,  40  CFR  Part 

280  no  no 

Occupational  Safety  and  Health 
Act,  29  U.S.C.  §§  651  - 678 

Occupation  Safety  and  Health 

Standards,  40  CFR  Part  1910  yes  no 

40  CFR  Part  1926  yes  no 

Clean  Water  Act,  supra 
NPDES  Monitoring  Requirements, 

40  CFR  Parts  122  - 125  yes  no 

3 


Best  Management  Practices,  40 

CFR  § 125.103(b)  yes  no 

Underground  Injection  Control, 

40  CFR  Part  144  no  no 


Dredge  and  Fill  Requirements, 

40  CFR  Parts  230  and  231  yes 

Pretreatment  Standards  for 
Indirect  Dischargers,  40  CFR 
Part  403  and  33  CFR  Part  323  no 

Clean  Air  Act,  supra 

New  Source  Performance 
Standards,  40  CFR  Part  60  no 

Prevention  of  Significant 
Deterioration,  40  CFR  Part 
52  no 


no 


no 


no 


no 


Hazardous  Materials 
Transportation  Act 
(these  may  be  applicable  off 
jurisdictional  prerequisites 


no  no 

site  requirements,  if  the 
are  met ) 


LOCATION  SPECIFIC 


Archaeological  and  Historic 
Preservation  Act, 

16  U.S.C.  § 469, 

40  CFR  § 6.301(c)  yes 

National  Historic  Preservation 
Act,  16  U.S.C.  § 470, 

40  CFR  § 6.301(b)  and  36  CFR 

Part  800  yes  no 

Historic  Sites,  Buildings 
and  Antiquities  Act, 

1 6 U.S.C.  §§  461  - 467,  40 

CFR  § 6.301(a)  yes  no 

Fish  and  Wildlife 
Coordination  Act,  16  U.S.C. 

1531  - 1566,  40  CFR  6.302(g)  yes  no 


i 


no 
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Endangered  Species  Act. 


1 6 U.S.C.  §§  1531  - 1 543 , 

50  CFR  Parts  17  and  402,  40 

CFR  6.302(h)  yes  no 

Floodplains  Management, 

40  CFR  Part  6,  Appendix  A, 

Executive  Order  No.  11,988  yes  no 

Protection  of  Wetlands, 

40  CFR  Part  6,  Appendix  A, 

Executive  Order  No.  11,990  yes  no 

Wild  and  Scenic  Rivers  Act, 

16  U.S.C.  §§  1271  - 1 287, 

40  CFR  § 6.302(e)  no  no 

Resource  Conversation  and 
Recovery  Act,  42  U.S.C.  §§ 

6901  et  seg ♦ , 

40  CFR  264.18(a)  and  (b)  no  yes 


Explanation  of  screening  of  certain  potential  ARARs. 

In  accordance  with  current  EPA  guidance,  MCLGs  are  not  relevant 
and  appropriate  for  this  site,  for  those  water  bodies  at  the  site 
which  are  or  may  be  used  for  drinking  water  purposes.  Guidance 
found  at  52  FR  32496  (August  27,  1987)  entitled  "Superfund 
Program:  Interim  Guidance  on  Compliance  with  Applicable  or 
Relevant  and  Appropriate  Requirements"  states  that  MCLs  are  fully 
protective  of  human  health  and  the  environment  in  most 
situations,  and  should  be  used  as  ARARs  for  most  sites.  This 
policy  continues  to  be  EPA  guidance,  as  reflected  in  the  preamble 
to  the  proposed  NCP  released  in  the  Federal  Register  in  December 
of  1988.  Accordingly,  MCLGs  are  not  considered  relevant  and 
appropriate  for  this  site. 

For  similar  reasons,  federal  water  quality  criteria  for  drinking 
water  are  also  not  identified  as  ARARs  for  this  site  for  ground 
water . 

Similarly,  secondary  MCL  standards  are  promulgated  to  address 
aesthetic  values,  rather  than  human  health  or  environmental 
concerns.  Therefore,  the  use  of  these  standards  is  not 
appropriate  at  this  site,  and  no  secondary  MCLs  are  identified. 


5 


1 


At  this  time,  no  land  ban  requirements,  promulgated  under  RCRA, 
are  identified  as  ARARs  for  this  site.  As  these  standards  become 
promulgated,  certain  standards  which  address  arsenic,  lead  or 
other  heavy  metals  may  be  identified  as  applicable  or  relevant 
and  appropriate  requirements  for  placement  of  waste  at  Silver  Bow 
Creek  NPL  Site  operable  units,  or  other  operable  units  within  the 
Clark  Fork  Basin  collection  of  sites. 

Other  standards  or  requirements  identified  in  this  document  were 
rejected  because  the  hazards  addressed  by  the  requirements  or  the 
contaminants  controlled  by  the  requirements  are  not  present  at 
the  Warm  Springs  Ponds  operable  unit.  Thus,  there  use  is  not 
well  suited  to  the  situation  present  here,  and  they  are  screened 
from  further  consideration  as  ARARs. 

FCD:March  28,  1 989 :dhe : henrym: inws 
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POTENTIAL  APPLICABLE  OR  RELEVANT  AND  APPROPRIATE  REQUIREMENTS 
WARM  SPRINGS  OPERABLE  UNIT;  SILVER  BOW  CREEK  NPL  SITE 

CONTAMINANT  SPECIFIC 


1 . Ground  Water 


The  cleanup  of  aquifers  at  Superfund  sites  is  dependent  on 
whether  the  aquifer  in  question  is  classified  as  usable  or 
potentially  usable,  according  to  criteria  found  in  EPA ' s 
"Guidance  on  Remedial  Actions  for  Contaminated  Ground  Water  at 
Superfund  Sites",  December  1988  ( OSWER  Directive  # 9283.1-2).  If 
an  aquifer  is  classified  as  a Class  I or  Class  II  aquifer, 
cleanup  can  be  ordered  as  part  of  the  remedial  action.  Pursuant 
to  the  Montana  Ground  Water  Act,  Montana  Cod  Annotated  (MCA)  § 
85-2-505,  and  implementing  regulations  found  at  Annotated 
Regulations  of  Montana  (ARM)  § 16.20.1002,  the  aquifer  within  the 
Warm  Springs  Ponds  operable  unit  is  classified  as  a Class  I 
aquifer,  suitable  for  public  drinking  water  use,  by  the  State  of 
Montana  (State)  (see  State  ARAR  identification).  This,  and 
classification  of  the  aquifer  according  to  the  Superfund  guidance 
as  a class  II  aquifer,  is  noted  in  the  Feasibility  Study. 


Accordingly,  the  following  standards  are  identified  for  the 
ground  water  aquifer  within  the  Warm  Springs  operable  unit: 


Arsenic 

0 .05 

milligrams  per 

billion  (ppb) 

• 

f 

Cadmium 

0.01 

mg/1, 

1 0 

ppb; 

Chromium 

0 .05 

mg/1, 

50ppb; 

Copper 

See  1 

TBC  list, 

which 

mg/1 

, 1-3 

ppm 

• 

Lead 

0 .05 

mg/1, 

50 

ppb; 

Mercury 

0.002  mg / 1 

, 2 

ppb; 

Nitrate 

10.0 

mg/1, 

1 0 

ppm; 

Selenium 

0.01 

mg/1, 

1 0 

ppb. 

Silver 

0 .05 

mg/1, 

50 

ppb; 

liter  (mg/1),  50  parts  per 


lists  the  proposed  MCL  of  1.3 


These  requirements  are  established  pursuant  to  the  Safe  Drinking 
Water  Act,  as  amended,  42  U.S.C.  §§  300f,  et  seq. , with 
implementing  regulations  found  at  40  C.F.R.  §§  141.11  - 141.16. 

Some  of  these  standards  are  also  identified  under  the  Resource 
Conservation  and  Recovery  Act,  as  amended,  42  U.S.C.  §§  6901,  et 
seq. , through  regulations  found  at  40  CFR  § 264.94,  as  part  of 
the  RCRA  ground  water  protection  standard  (for  arsenic,  cadmium, 
lead,  and  silver). 

These  requirements  are  considered  to  be  relevant  and  appropriate 
requirements  and  standards  to  the  proposed  cleanup  of  the  aquifer 
beneath  the  Warm  Springs  operable  unit.  The  basis  for  this 
relevant  and  appropriate  determination  is  that  the  aquifer 
beneath  the  Warm  Springs  Ponds  operable  unit  is  potentially 
usable  as  a drinking  water  source,  and  the  standards  cited  above 
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are  developed  as  protective  standards  for  drinking  water  sources. 
This  determination  is  in  accordance  with  current  EPA  guidance  on 
ARARs , Draft  Guidance  CERCLA  Compliance  With  Other  Laws  Manual, 
August  8,  1988,  OSWER  Directive  # 9234.1-01,  and  the  preamble  to 
the  proposed  revisions  to  the  National  Contingency  Plan  found  at 
53  FR  51394  (December  21,  1988).  Justification  for  the  relevant 

and  appropriate  determination  for  the  RCRA  standards  is  found 
later  in  this  document. 

MCLGs  and  federal  Water  Quality  Criteria  for  these  contaminants, 
promulgated  under  the  Safe  Drinking  Water  Act  and  the  Clean  Water 
Act,  are  not  relevant  and  appropriate  for  this  site,  as  explained 
in  the  ARAR  screening  document.  This  determination  is  consistent 
with  current  EPA  policy,  as  reflected  in  the  ARAR  guidance  and 
the  preamble  to  the  proposed  NCP. 

Compliance  with  these  requirements  must  be  met  and  will  be 
measured  at  the  boundary  and  beyond  of  any  waste  management  unit 
or  units  left  on  site,  if  such  a remedy  is  chosen,  or  throughout 
the  operable  unit,  if  no  waste  management  units  are  left  on  site. 
This  is  based  on  EPA ' s current  Super fund  Ground  Water  Remediation 
Strategy,  cited  above. 


2.  Surface  Water  - ambient 

Because  use  of  the  streams  as  a drinking  water  source  and  a 
recreational  resource  has  been  identified  as  an  appropriate  use 
for  both  the  Clark  Fork  River  and  Silver  Bow  Creek  by  the  State 
pursuant  to  the  Clean  Water  Act,  the  above  referenced  MCL 
Standards  are  identified  as  relevant  and  appropriate  for  ambient 
surface  water  quality  at  the  site.  Standards  for  Silver  Bow 
Creek,  upstream  reaches  of  Mill  Creek  and  upstream  reaches  of 
Willow  Creek,  which  enter  the  Warm  Springs  Ponds  operable  unit, 
will  be  identified  and  addressed  in  other  operable  unit  cleanups 
under  the  Silver  Bow  Creek  NPL  site.  The  same  rationale  as 
stated  above  for  ground  water  supports  this  determination. 

Aquatic  life,  and  fishing  are  also  of  concern  for  the  Clark 
Fork  River  and  the  Mill  Willow  Bypass,  and  within  the  ponds 
themselves,  and  fishing  is  a designated  use  for  Silver  Bow  Creek 
and  the  Clark  Fork  River,  and  is  known  to  occur  in  the  Ponds  at 
the  site.  Therefore,  the  following  federal  aquatic  life  water 
quality  criteria  for  chronic  and  acute  exposure  are  identified  as 
relevant  and  appropriate  standards: 


Chronic 


Acute 
( mg/ 1 ) 


( mg / 1 ) 


Cadmium 

Copper 

Iron 


0 . 0039* 
0.018* 


0.0011* 

0.012* 

1 . 0 


Lead 

Mercury 


0 . 082* 
0 .0024 


0.0032* 

0 .000012 


Selenium 

Silver 

Zinc 


0 .26 
0 . 0041  * 
0.13* 


0.035 

0.00012 

0.11* 


* these  numbers  assume  a hardness  of  100  mg/1 


Because  both  fishing  and  drinking/recreational  use  are  identified 
as  uses  for  the  Clark  Fork  River,  the  following  federal  water 
quality  criteria  are  also  identified  as  relevant  and  appropriate: 


Cadmium 

Iron 

Lead 

Mercury 

Selenium 

Silver 


10.0  ug/ 1 
0.3  mg / 1 

50.0  ug/ 1 

144.0  ng/ 1 

10.0  ug/ 1 

50.0  ug/ 1 


The  federal  aquatic  criteria  for  arsenic  are  not  relevant 
and  appropriate  because  they  are  based  on  information  which  is 
not  current. 

These  criteria  are  promulgated  under  authority  of  section 
304  of  the  Clean  Water  Act,  42  U.S.C.  Section  1314,  and  the 
specific  publication  of  the  above  numbers  is  found  in  the  "Gold 
Book",  Quality  Criteria  for  Water  1986,  EPA  44/5-86-001,  May  1, 
1986  (51  Federal  Register  43665).  Use  of  these  criteria  as 
relevant  and  appropriate  requirements  is  authorized  in  section 
121 (d)(2)(B)(i)  of  CERCLA.  This  determination  of  relevant  and 
appropriateness  is  based  on  the  designated  and  actual  use  of  the 
surface  water  bodies  at  the  operable  unit  (fishing,  recreational, 
and  drinking  water),  and  the  fact  that  the  water  quality  criteria 
were  promulgated  specifically  to  address  the  effects  of  these 
contaminants  on  fish  and  other  aquatic  organisms.  This  is 
consistent  with  EPA  ARAR  guidance,  cited  above,  and  with  NCP 
preamble  statements,  cited  above. 

The  State  of  Montana  has  promulgated  State  water  quality 
standards  ( WQS ) , for  the  Clark  Fork  River  in  accordance  with 
section  303  of  the  Clean  Water  Act,  42  U.S.C.  § 1313,  and  these 
standards  apply  to  the  same  contaminants  as  identified  above. 

The  WQS  numbers  will  be  the  applicable  or  relevant  and 
appropriate  standards  for  cleanup  at  the  site,  rather  than  the 
federal  AWQC , if  they  exist  for  the  same  contaminants  and  uses. 
Chapter  3 of  the  Feasibility  Study  documents  the  most  stringent 
of  these  standards,  and  displays  a list  of  chemical  specific 
ARARs  for  contaminants  in  ambient  surface  water. 

The  point  of  compliance  for  these  standards  should  be  at  the 
point  of  intersect  for  any  ground  water  contamination  plume  which 
flows  into  the  surface  bodies,  and  the  point  of  potential 
exposure  within  the  surface  water  bodies  of  the  Clark  Fork  River. 
These  locations  are  more  specifically  addressed  in  chapter  3 of 
the  Feasibility  Study. 
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3.  Surface  water  - direct,  point  source  discharges,  with  end  of 
pipe  effluent  standards. 

Point  source  discharges  are  regulated  under  section  402  of 
the  Clean  Water  Act,  42  U.S.C.  § 1342.  This  provision  provides 
for  the  implementation  of  regulations,  limitations  and  standards 
promulgated  under  sections  301,  304,  306,  307,  308,  and  402  or 
the  CWA. 


Effluent  standards  for  point  source  discharges  within  the 
operable  unit  should  conform  to  those  standard  promulgated  for 
ore  mining  and  dressing  effluents,  found  at  40  CFR  § 440.104,  and 
should  also  meet  requirements  for  monitoring  and  special 
conditions  such  as  best  management  practices  established  under 
the  CWA  (see  Action  ARARs ) . These  numbers  are  relevant  and 
appropriate  for  the  direct  discharges  for  this  operable  unit,  as 
the  numbers  were  promulgated  to  control  situations  sufficiently 
similar  to  the  Warm  Springs  Ponds  discharges  as  to  be 
appropriate.  Those  numbers  are: 


Maximum  for  any  1 day 


Average  of  daily  values  for 
30  consecutive  days 


Copper 

Zinc 

Lead 

Mercury 

Cadmium 


0.30  mg/1,  0.30  ppm 
1 . 5 mg/ 1 , 1.5  ppm 

0.6  mg/1,  0.6  ppm 
0.002  mg/1,  2 ppb 
0.10  mg/ 1 , 0.1  ppm 


0.15  mg/ 1 , 0.15  ppm 
0.75  mg/ 1,  0.75  ppm 
0.3  mg/1,  0.3  ppm 
0.001  mg/1,  1 ppb 

0.05  mg/1,  .05  pp 


In  addition,  discharges  should  ensure  that  all  appropriate 
state  water  quality  standards  are  met  in  the  receiving  water 
bodies,  as  calculated  by  promulgated  state  methods.  This  is 
required  by  section  402(a)(1)  of  the  CWA,  42  U.S.C.  § 1342(a)(1). 
The  state  water  quality  standard  requirements  are  applicable  to 
the  discharges  resulting  from  the  Warm  Springs  Pond  operable  unit 
remedial  action,  because  point  source  discharges  are  subject  to 
these  requirements. 

Chapter  3 of  the  Feasibility  Study  documents  the  final  list 
of  standards  for  point  source  discharges  which  incorporate  the 
above  regulations. 

The  point  of  compliance  for  these  ARAR  standards  is 
calculated  in  accordance  with  State  of  Montana  requirements  for 
compliance  for  point  source  discharges.  These  requirements  will 
be  more  fully  explained  in  the  Record  of  Decision. 


4 . Air 

Pursuant  to  section  109  of  the  Clean  Air  Act,  42  U.S.C.  § 7409, 
and  implementing  regulations  found  at  40  CFR  Part  50,  the 
following  standards  are  identified  as  relevant  and  appropriate 


standards  for  releases  into  the  air  resulting  from  the  Warm 
Springs  operable  unit.  These  standards  must  be  met  both  during 
design  and  implementation  of  the  remedial  action,  and  at  the 
conclusion  of  the  remedial  action. 

Particulate  matter 

150  ug/m3,  24  hour  average; 

50  ug/m3,  annual  arithmetic  mean  for  particulate  matter  of  less 
than  or  equal  to  10  micrometers  in  diameter  (40  CFR  § 50.6, 
corresponding  state  regulation  found  at  ARM  16.8.821); 

Lead 

1.5  ug/m3,  max.  maximum  arithmetic  mean  over  a calendar  quarter 
(40  CFR  § 50.12,  corresponding  state  regulation  found  at  ARM 
16.8.815); 


Opacity 

The  20  percent  opacity  standard  found  at  ARM  16.8.1401(4)  and  the 
road  dust  suppression  standard  found  at  ARM  16.8.1401(3)  are 
identified  as  relevant  and  appropriate  standards,  federally 
enforceable  under  federal  law  as  part  of  an  approved  State 
Implementation  Plan  under  section  110  of  the  CAA,  42  LJ.S.C.  § 

7410  and  therefore  federal  ARARs. 


The  point  of  compliance  for  opacity  is  at  the  emission  source, 
and  the  point  of  compliance  for  the  remaining  air  quality 
standards  lies  at  the  point  of  probable  human  exposure.  The 
exact  nature  of  these  compliance  points  is  identified  in  chapter 
3 of  the  FS. 

In  additional  to  these  standards,  the  U.S.  Department  of  Labor 
has  promulgated  standards  for  worker  exposure,  pursuant  to  the 
Occupational  Safety  and  Health  Act,  29  U.S.C.  §§  651  --  678. 
Regulations,  promulgated  at  29  CFR  §§  1910.1000,  1910.1018(c), 
and  1910.1025(c),  governing  on  site  workers  are  as  follows: 


Inorganic  Arsenic 

Copper  dusts 
Lead 

Manganese 

Selenium  compounds 
Silver 


10.0  ug/M3,  averaged  over  an  8 
hour  period 

1 . 0 mg/M3 

50  ug/M3  averaged  over  an  8 hour 
period 

5.0  mg/ m3 
0.2  mg / M 3 
0.01  mg / M 3 


< 


A worker's  exposure  to  any  air  contaminants  listed  in  the 
following  table,  in  any  8-hour  work  shift  of  a 40  hour  work  week, 
shall  not  exceed  the  following  8-hour  time  weighted  average  limit 
nor  shall  a worker's  exposure  exceed  at  any  time  during  a 8-hour 
shift  the  acceptable  ceiling  concentration : 

Cadmium  dust  0.2  mg/M3,  8 hour  time  weighted 

average 

0.6  mg/m3,  acceptable  ceiling 
concentration 

Mercury  0.1  mg/m3  acceptable  ceiling 

concentration 


A worker's  exposure  to  any  of  the  following  air  contaminants  in 
an  8-hour  work  shift  of  a 40-hour  work  week  shall  not  exceed  the 
8-hour  time  weighted  average  limit  for  that  air  contaminant: 


Silica-crystalline  quartz 


250  millions  of  particles  per 
cubic  foot  of  air  (mmpcf) 
1 0 mg/M3 


Inert  or  nuisance  dust  - 

respirable  fraction  1 5 mppcf 

5mg/m3 


Total  dust 


50  mppcf 
1 5 mg/m3 


5.  Soil  and  Sediments 

Currently,  there  exist  no  ARAR  standards  for  contaminant  specific 
soil  or  sediment  levels.  The  Baseline  Risk  Assessment,  which  is 
part  of  the  Public  Health  and  Environmental  Endangerment 
Assessment  attached  to  the  FS,  and  the  Target  Level  Memorandum, 
identifies  levels  which  will  result  in  a reduction  of  risk  within 
the  10-4  to  10-7  risk  range,  and  which  considers  environmental 
risks  for  soils  or  sediments  near  to  water  bodies.  Based  on 
this,  an  acceptable  level  of  contamination  for  risks  is 
identified.  Risk  calculations  are  based  on  those  documents 
identified  in  the  To  Be  Considered  List.  After  an  appropriate 
level  of  risk  is  selected  in  the  Record  of  Decision,  the  remedial 
action  will  provide  for  the  removal  of  soil  and  sediments  to 
those  levels,  or  otherwise  provides  engineering  and/or 
institutional  control  protection  against  exposure  to  these  soils 
and  sediments.  See  the  action  ARAR  section  below  for 
requirements  and  standards  which  are  applicable  or  relevant  and 
appropriate  to  engineered  controls  which  may  be  "selected  for  this 
operable  unit  remedial  action. 


4 


Location 


1.  National  Historic  Preservation  Act,  16  U.S.C.  § 470 
et  seq . , 40  CFR  section  6.301(b)  and  36  CFR  Part  800. 

This  statute  and  implementing  regulations  require  Federal 
agencies  or  federal  projects  to  take  into  account  the  effect  of 
any  Federally  assisted  undertaking  or  licensing  on  any  district, 
site,  building,  structure  or  object  that  is  included  in  or  is 
eligible  for  the  Register  of  Historic  Places.  Compliance  with 
the  substantive  portions  of  this  ARAR  required  the  State,  as  lead 
agency,  to  consult  with  the  State  Historic  Preservation  Officer 
to  identify  any  cultural  resources  which  are  on  or  near  the 
operable  unit,  and,  if  any  cultural  resources  exist,  then  assess 
whether  the  proposed  remedial  actions  will  have  possible  effects 
on  the  resources.  If  the  activity  is  likely  to  have  an  effect, 
the  lead  agency  should  examine  whether  feasible  alternatives 
exist  that  would  avoid  such  effects.  If  effects  cannot 
reasonably  be  avoided,  measures  should  be  implemented  to  minimize 
or  mitigate  the  potential  effect. 

The  cultural  resource  survey  and  evaluation  took  place 
during  the  RI/FS  process.  The  lead  agency  has  implemented  this 
process  for  the  survey.  However,  NHPA  regulations  reserve  formal 
determinations  eligibility  for  the  National  Register  of  Historic 
Places  and  "no  adverse  effects"  determinations  for  federal 
agencies.  Compliance  with  this  requirement,  including  the 
appropriate  federal  determination  will  be  done  during  the  public 
comment  period  for  the  proposed  plan.  Recommendations  for 
preservation  of  eligible  historic  places,  and  any  mitigative 
measures  identified  in  consultation  with  the  appropriate  agencies 
will  be  identified  in  the  ROD  as  specific  ARARs. 

This  is  an  applicable  requirement. 


2.  The  Archaeological  and  Historic  Preservation  Act,  16  U.S.C. 

§ 469,  40  CFR  Section  6.301(c). 

This  statute  and  implementing  regulation  establish 
requirements  for  the  evaluation  and  preservation  of  historical 
and  archaeological  data,  which  may  be  destroyed  through 
alteration  of  terrain  as  a result  of  a Federal  construction 
project  or  a Federally  licensed  activity  or  program.  This 
requires  the  lead  agency,  during  the  RI/FS  process,  to  survey  the 
site  for  covered  scientific,  prehistorical  or  archeological 
artifacts.  The  results  of  this  survey  are  reflected  in  the 
administrative  record.  Preservation  of  appropriate  data 
concerning  the  artifacts  is  hereby  identified  as  an  ARAR 
requirement,  to  be  done  during  the  implementation  of  the  remedial 
action.  More  specific  ARAR  requirements  will  be  identified  in 
the  ROD. 

This  is  an  applicable  requirement. 


I 


i 


3.  The  Endangered  Species  Act,  16  U.S.C.  Section  1531,  et  seq.  , 
50  CFR  Parts  17  and  402,  40  CFR  Section  302(h). 


This  statute  and  implementing  regulations  require  that  any 
Federal  activity  or  authorized  activity  may  not  jeopardize  the 
continued  existence  of  any  threatened  or  endangered  species  or 
destroy  or  adversely  modify  critical  habitat. 

Compliance  with  this  requirement  involves  consultation  between 
the  State  as  lead  agency  and  the  U.S.  Fish  and  Wildlife  Service, 
in  which  a determination  of  whether  there  are  listed  or  proposed 
species  or  critical  habitats  present  in  the  operable  unit  area, 
and,  if  so,  whether  any  proposed  activities  will  impact  such 
wildlife  or  habitat. 

The  State,  as  lead  agency,  has  consulted  with  the  U.S.  Fish  and 
Wildlife  Service  concerning  this  requirement.  A pair  of  bald 
eagles  was  identified  as  potentially  affected  by  this  action. 
Further  consultation  will  occur  during  the  public  comment  period 
on  the  proposed  plan,  and  specific  mitigative  measures  will  be 
identified,  in  consultation  with  the  appropriate  agencies.  These 
mitigative  measures  will  be  specified  in  the  ROD. 

This  is  an  applicable  requirement. 


4.  The  Fish  and  Wildlife  Coordination  Act,  16  U.S.C.  Sections 
661  et  seg. , 40  CFR  Section  6.302(g). 

This  standard  requires  that  federal  agencies  or  federally 
funded  projects  insure  that  any  action  authorized  or  funded  by 
the  Federal  agency  ensure  that  any  modification  of  any  stream  or 
other  water  body  through  the  action  provides  for  adequate 
protection  of  fish  and  wildlife  resources. 

Compliance  with  this  ARAR  required  the  State,  as  lead  agency 
to  consult  with  the  U.S.  Fish  and  Wildlife  Service  and  the 
Wildlife  Resources  Agency  of  the  effected  State.  Further 
consultation  will  occur  during  the  public  comment  period  on  the 
proposed  plan,  and  specific  mitigative  measures  may  be 
identified,  in  consultation  with  the  appropriate  agencies. 
Specific  mitigative  measures  may  be  identified  in  the  ROD. 

This  is  an  applicable  requirement. 

5.  40  CFR  Section  6.302(b)  and  Appendix  A,  Executive  Order  on 
Floodplain  Management,  Executive  Order  No,  11,988. 

This  requirement  mandates  that  federally  funded  or 
authorized  actions  within  the  100  year  floodplain  avoid,  to  the 
maximum  extent  possible,  adverse  impacts  associated  with 
development  of  a floodplain. 

Compliance  with  this  requirement  is  detailed  in  EPA ' s August 

6.  1985  "Policy  of  Floodplains  and  Wetland  Assessments  for  CERCLA 


Actions".  The  State,  as  lead  agency,  conducted  an  assessment  of 
the  presence  of  floodplains  effected  by  the  remedial  action, 
which  discussed  anticipated  effects  of  any  proposed  actions  on 
floodplains.  A recommendation  of  activities  which  may  minimize 
any  anticipated  adverse  impacts  will  occur  during  the  public 
comment  period,  and  specific  measures  will  be  identified  in  the 
ROD. 


The  Record  of  Decision  will  contain  a Statement  of  Findings 
which  include  the  reasons  why  the  proposed  action  must  be  located 
in  or  affect  the  floodplain,  a description  of  significant  facts 
considered  in  making  the  decision  to  locate  in  or  affect  the 
floodplain  or  woodlands  including  alternative  sites  or  actions,  a 
statement  indicating  whether  the  selected  action  conforms  to 
applicable  State  or  local  floodplain  protection  standards,  a 
description  of  the  steps  to  be  taken  to  design  or  modify  the 
proposed  action  to  minimize  potential  harm  to  or  within  the 
floodplain  and  a statement  indicating  how  the  proposed  action 
affects  the  natural  or  beneficial  values  of  the  floodplain. 

This  is  an  applicable  requirement. 


6.  40  CFR  subsection  6.302(a)  and  40  CFR  Part  6,  Appendix  A, 
Protection  of  Wetlands,  Executive  Order  No.  11,990. 

This  ARAR  requires  Federal  agencies  to  avoid,  to  the  extent 
possible,  the  adverse  impacts  associated  with  the  destruction  or 
loss  of  wetlands  and  to  avoid  support  of  new  construction  in 
wetlands  if  a practicable  alternative  exists. 

Wetlands  are  defined  as  those  areas  that  are  inundated  or 
saturated  by  surface  or  ground  water  at  a frequency  and  duration 
sufficient  to  support,  and  that  under  normal  circumstances  do 
support,  a prevalence  of  vegetation  typically  adapted  for  life  in 
saturated  soil  conditions. 

The  State,  as  lead  agency,  surveyed  the  operable  unit,  and 
determined,  in  consultation  with  the  U.S.  Army  Corps  of  Engineers 
or  the  U.S.  Fish  and  Wildlife  Service,  whether  wetlands  exist  at 
the  operable  unit  and  what  category  of  wetland  they  qualify  for. 
Compliance  is  addressed  in  a similar  manner  as  the  Floodplain 
requirements  described  above.  Consultation  and  determinations 
will  continue  to  be  pursued  in  the  public  comment  period,  and 
mitigative  measures  identified  from  that  consultation  will  be 
identified  in  the  ROD. 

This  is  an  applicable  requirement. 

7.  Resource  and  Conservation  Act,  as  amended,  42  U.S.C.  Section 
6901  et  seq. , 40  CFR  264.18(a)  and  (b). 


This  requirements  state  that  a.  any  hazardous  facility  must  not 
be  located  within  61  meters  (200  feet)  of  a fault  (see  Appendix 


VI  of  part  264,  which  Deer  Lodge  county  as  a location  potentially 
included  in  this  requirement,  and  b.  any  hazardous  waste  facility 
within  the  100  year  flood  plain  must  be  designed,  constructed 
operated  and  maintained  to  avoid  washout.  Any  discrete  disposal 
or  storage  facilities  which  remain  on  site  as  part  of  this 
remedial  action  must  meet  these  standards. 

These  is  a relative  and  appropriate  requirement  (see  discussion 
of  RCRA  relevant  and  appropriate  requirements  in  the  following 
section  ) . 


Action 


ARARs  identified  for  actions  proposed  and  evaluated  in  the 
FS  are  specific  to  the  actions  contemplated,  for  the  most  part. 
The  following  section  identifies  those  requirements  which  are 
general  to  all  actions  contemplated  for  the  operable  unit  as 
presented  in  the  public  draft  FS,  and  then  identifies 
requirements  for  specific  actions  proposed  in  the  FS . 

A.  General  action  ARARs 

1.  Occupational  Health  and  Safety  Act,  29  U.S.C.  Sections  651— 
678,  29  CFR  §§  Part  1926,  20  CFR  § 1910.120,  and  1910.132. 

These  requirements  would  be  applicable  to  all  work  conducted  on 
site  during  remedial  design  and  implementation.  Specifically, 
the  standards  require  the  establishment  of  an  occupational  health 
and  safety  program  for  workers.  The  plan  would  have  to  address 
the  standards  set  forth  in  part  1926  of  Title  29  of  the  CFR, 
relating  to  construction  industry  standards,  and,  if  disturbance 
of  contaminated  soil  or  sediments  is  deemed  potentially  harmful 
to  workers,  to  the  standards  set  forth  in  29  CFR  section 
1910.132,  relating  to  protective  equipment.  In  addition,  the 
requirements  of  40  CFR  § 1910.120  must  be  complied  with  at  the 
site . 

2.  Section  404  of  the  Clean  Water  Act,  '42  U.S.C.  § 1344,  40  CFR 
Parts  230,  231;  33  CFR  Parts  323  and  330. 

Many  of  the  remedial  activities  discussed  in  the  FS  may  involve 
the  discharge  of  dredge  and  fill  material  into  waters  of  the 
United  States.  If  so,  these  requirements  would  be  applicable. 

Appropriate  steps  that  need  to  be  taken  if  discharge  does  occur 
will  be  more  specifically  identified  in  the  ROD.  These  steps 
will  be  determined  in  consultation  with  the  U.S.  Army  Corps  of 
Engineers . 


B.  Remedial  Activity  Specific  Action  ARARs 


Closure  of  Ponds  1 and  2 


3.  Various  alternatives  discussed  in  the  FS  propose 
discontinuing  the  use  of  Ponds  1 . If  this  action  is  selected, 
RCRA  closure  and  post  closure  requirements  would  be  relevant  and 
appropriate  to  the  remedial  action  at  the  discontinued  ponds. 

EPA  has  determined  that  RCRA  requirements  are  not  applicable  to 
the  waste  found  at  the  Warm  Springs  Ponds,  because  the  exact 
source  is  unknown  and  because  many  mining  wastes  likely  to  be 
found  at  the  operable  unit  are  exempt  from  RCRA  regulation  as 
extraction  and  benefaction  mining  wastes,  pursuant  to  the  Bevill 
Amendment,  42  U.S.C.  § 960 1 ( b ) ( 3 ) ( A ) ( ii ) . However,  the 
application  of  certain  RCRA  requirements,  as  relevant  and 
appropriate  requirements,  to  certain  portions  of  the  mining, 
milling  and  smelting  waste  found  at  the  site  is  justified  because 
the  waste  is  located  in  areas  where  exposure  is  likely  to  occur, 
is  high  in  toxicity,  is  close  to  ground  water,  and  is  found  in 
discrete  areas  which  resemble  traditional  RCRA  management  units 
in  size  and  character.  This  interpretation  of  relevant  and 
appropriate  requirements  is  consistent  with  current  EPA  policy 
found  at  page  1-68  of  the  draft  Volume  3 of  the  "CERCLA 
Compliance  With  Other  Environmental  Laws  Manual",  dated  July  20, 
1988,  and  EPA  policy  reflected  in  the  preamble  to  the  recently 
proposed  NCP  revisions.  These  policies  require  two 
determinations . 

First,  the  site  addressed  must  be  sufficiently  different  from  the 
general  characteristics  test  derived  from  EPA ' s July  3,  1986  RCRA 

Mine  Waste  Determination  (51  FR  24496).  Here,  because  the  waste 
in  question  shows  levels  of  contamination  which  are  above  risk 
based  and  ARAR  based  numbers,  and  because  the  site  is  a potential 
threat  to  ground  water  and  surface  water  contamination  and  other 
pathways  of  release,  the  site  is  sufficiently  different,  such 
that  the  use  of  certain  RCRA  requirements  is  appropriate. 

Second,  the  geographic  areas  of  waste  on  which  RCRA  is  being  used 
must  be  discrete  areas  sufficiently  similar  to  traditional  RCRA 
waste  units,  such  as  waste  piles  or  impoundments.  Here,  the 
waste  ponds  and  hot  spot  areas  within  the  operable  unit  are 
discrete  areas  to  which  the  application  of  certain  RCRA 
requirements  is  well  suited.  Therefore,  EPA  hereby  determines 
that  certain  RCRA  requirements  are  relevant  and  appropriate  to 
the  remedial  action  at  this  site.  Specific  RCRA  requirements  are 
described  below. 

If  closure  of  pond  1,  in  whole  or  in  part,  is  selected,  two  basic 
scenarios  are  available  to  achieve  compliance  with  relevant  and 
appropriate  RCRA  requirements. 

Clean  closure  would  involve  the  removal  of  soils  and  sediments 
from  the  ponds  and  surrounding  discrete  areas,  such  that 
drinkable  leachate  and  edible  soil  remain.  Specific  criteria  for 
determining  the  extent  of  clean  closure  are  found  at  40  CFR  §§ 


264.111  and  .228(a)(2),  and  information  contained  in  the  preamble 
to  RCRA  regulation  amendments  found  at  52  FR  8704  (March  19, 

1 987  ) . 

Because  any  removal  of  contaminated  sediments  or  soils  from  the 
discrete  units  would  likely  leave  contaminated  residue  at  or  near 
health  based  and  environmental  based  levels,  hybrid  clean  closure 
would  be  the  appropriate  type  of  closure  here.  This  would 
require  removal  of  sediments  and  soils  from  discrete  areas  to 
health  and  environmental  based  levels,  placement  of  fill  and 
revegetation  as  a cap,  continued  monitoring  of  ground  water 
beneath  the  discrete  areas  in  accordance  with  40  CFR  § 

264  . 1 1 7 ( a ) ( 1 ) ( i ) , continued  restrictions  on  use  in  accordance 
with  40  CFR  § 264.117(c),  and  notices  and  deed  restrictions  in 
accordance  with  40  CFR  §§  264.116  and  .119.  Hybrid  clean  closure 
is  discussed  and  approved  in  the  preamble  discussion  to  the  new 
NCP. 

The  other  scenario  is  to  close  the  ponds  with  waste  in  place. 

This  is  known  as  landfill  closure.  Again,  because  of  the  lack  of 
strict  RCRA  applicability  to  this  site,  and  because  of  the  unique 
nature  of  the  site,  hybrid  landfill  closure  would  be  appropriate 
to  any  remedial  action  which  would  close  with  waste  left  in 
place.  The  following  selected  RCRA  requirements  would  be 
relevant  and  appropriate  to  this  type  of  closure  at  the  Warm 
Springs  Ponds  operable  unit. 

Closure  preparation  activities  - 40  CFR  § 264.228(a).  Prior  to 
capping  the  waste,  free  liquids  must  be  removed  from  the  waste, 
and  the  remaining  solids  must  be  stabilized  and  consolidated. 

Cover  requirements  - 40  CFR  § 264.228(a).  Any  closed  unit  must 
be  covered  with  a cap  designed  to  prevent  long  term  minimization 
of  migration  of  liquids  through  the  capped  area,  function  with 
the  minimum  maintenance,  promote  drainage  and  minimize  erosion  or 
abrasion,  accommodate  settling  the  subsidence  so  that  the  cover's 
integrity  is  maintained,  and  have  a permeability  less  than  or 
equal  to  the  permeability  of  any  natural  bottom  subsoils  present. 

Post  closure  care,  maintenance  - 40  CFR  § 264.228(b).  Maintain 

the  integrity  of  the  cover  through  regular  inspections  and 
maintenance,  which  include  efforts  to  prevent  run  on  and  run  off 
from  damaging  the  cover  and  making  any  necessary  repairs  on  the 
cover . 

Post  closure  care,  use  restriction  and  notice  - 40  CFR  §§ 

264.116  and  119.  Provide  appropriate  notices  and  deed 
restrictions  in  accordance  with  these  provisions. 


4.  In  addition,  if  waste  is  left  in  place  in  discrete  units, 
certain  requirements  of  40  CFR  Part  257,  regulating  the  disposal 
of  solid  wastes,  are  applicable  to  the  disposal.  These 
requirements  are  authorized  by  the  sections  1008(a)(3)  and 
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4004(a)  of  the  Solid  Waste  Disposal  Act,  42  U.S.C.  §§  1008  and 
4004(a).  These  include  provisions  relating  to  floodplains, 
endangered  species,  surface  water,  and  ground  water  protection. 
Upon  examination,  EPA  concludes  that  these  provisions  are 
duplicated  by  other  ARARs.  Therefore,  these  applicable 
requirements  do  no  add  any  extra  requirements  other  than  those 
identified  elsewhere  in  this  ARAR  document. 

Revegetation  of  all  areas  where  contamination  is  removed  or  left 
in  place. 

5.  The  Surface  Mining  Control  and  Reclamation  Act,  30  U.S.C.  §§ 
1201  through  1326,  and  implementing  regulations  found  at  30  CFR 
§§  816.111  and  784.13  require  that  revegetation  be  used  to 
stabilize  soils  covers  over  reclaimed  areas.  Here,  these 
requirements  are  relevant  and  appropriate  to  efforts  at  removing 
and  covering,  or  covering  soils  at  the  operable  unit  site,  and 
for  any  covers  of  waste  management  units  at  discrete  areas  of 
contamination,  whether  hybrid  clean  closed  or  hybrid  landfill 
closed.  These  requirements  have  been  interpreted  at  other  Clark 
Fork  Basin  site  cleanups  to  mean  that  at  least  18  inches  of  soil 
be  used  to  provide  an  adequate  medium  for  vegetative  cover.  They 
also  require  that  revegetation  be  done  according  to  a plan  which 
specifies  schedules,  species  which  are  diverse  and  effective, 
planting  methods,  mulching  techniques,  irrigation  if  appropriate, 
and  soil  appropriate  testing.  The  same  interpretation  is  found 
to  be  appropriate  here,  and  the  requirements  are  identified  as 
relevant  and  appropriate  requirements. 

Continued  operation  of  Ponds  2 and  3. 

6.  Certain  of  the  alternatives  presented  in  the  FS  for  full 
evaluation  and  analysis  provide  for  the  continued  utilization  of 
the  ponds,  for  use  as  wetlands  and/or  for  continued  trapping  and 
disposing  of  hazardous  substances,  pollutants  and  contaminants. 
The  continued  operation  of  these  ponds  most  closely  resembles  the 
operation  of  a surface  impoundment,  as  described  in  40  CFR  Part 
264,  Subpart  K.  Certain  of  these  provisions  are  relevant  and 
appropriate  requirements  for  the  continued  operation  of  the 
ponds,  based  upon  the  same  rationale  expressed  above. 

Structural  integrity  - 40  CFR  ss  264 . 22 1 ( f ) , ( g ) , ( h ) and  .226. 
These  requirements  mandate  that  the  ponds  which  remain  in  service 
be  designed  to  prevent  overtopping  and  other  potential  problems, 
and  have  dikes  which  are  designed  to  prevent  massive  failure. 
Weekly  inspections  and  regular  maintenance  must  also  be  done. 


Eventual  closure  and  post  closure  plans  - 40  CFR  §§  264.112  and 
.113.  As  part  of  the  remedial  action,  the  potentially 
responsible  parties  should  be  required  to  submit  a closure  and 
post  closure  plan  for  the  closure  of  the  ponds  as  appropriate. 
The  plan  should  meet  those  requirements  identified  above  for 
either  hybrid  clean  closure  or  hybrid  landfill  closure. 


Cleanup  of  soils  and  sediments  outside  of  the  ponds  which  are 
diffuse  floodplain  sediment  contamination  resulting  from  historic 
mine  tailings  discharge  into  Silver  Bow  Creek. 

7.  Remedies  at  Superfund  sites  must  be  protective  of  human 
health  and  the  environment.  Therefore,  if  levels  of 
contamination  resulting  from  diffuse  floodplain  sediment  in  soils 
surrounding  the  ponds  or  otherwise  within  the  operable  unit 
boundaries  present  human  health  or  environmental  risks,  as 
determined  by  the  PHEA,  remediation  must  be  undertaken.  This 
remediation  can  involve  the  removal  of  the  contaminated  soils  or 
covering  the  contaminated  soil,  or  a combination  (removal  of 
soils  to  a certain  depth  with  sufficient  clean  soils  cover).  In 
addition,  as  stated  above,  SMCRA  ARARs  are  relevant  and 
appropriate  to  revegetation  efforts  on  these  areas. 

8.  Storage  of  excavated  material. 

If  the  selected  remedy  involves  the  collection  of  contaminated 
sediments  or  soils  into  new  discrete  areas,  the  following 
requirements  are  relevant  and  appropriate  to  such  storage. 

Waste  pile  controls  - 40  CFR  § 264 . 25 1 ( c ) , (d ) , and  (f).  These 
requirements  establish  a framework  for  the  safe  operation  of  a 
waste  pile  until  permanent  disposal  occurs.  A run  on  control 
system,  and  a run  off  control  system  and  collection  and  holding 
systems  to  prevent  the  further  release  of  contaminants  from  the 
waste  pile.  The  same  relevant  and  appropriate  rationale 
discussed  above  applies  to  this  determination. 

9.  Permanent  disposal  of  excavated  material. 

If  a new  permanent  disposal  site  is  created  on  site  for  disposal 
of  contaminated  soils  or  sediments,  hybrid  landfill  closure 
requirements  identical  to  those  described  above  for  closure  of 
the  ponds  would  be  relevant  and  appropriate  to  these  actions. 

10.  Discharge  of  effluent. 

If  improvement  of  Pond  3 occurs  through  the  selected  remedy,  such 
that  new  effluent  standards  are  set  for  direct  discharges  from 
the  Pond,  the  following  standards  and  requirements  promulgated 
under  the  Clean  Water  Act  are  identified  as  applicable 
requirements  for  such  an  action. 

Monitoring  - 40  CFR  § 122.41.  This  requires  regular  monitoring 
and  reporting  of  point  source  discharges. 

Best  Management  Practices  - 40  CFR  § 125.100.  This  requires  that 
operators  of  point  source  discharges  should  employ  management 
practices  to  ensure  that  toxic  materials  in  toxic  amounts  do  not 
enter  waters  of  the  United  States.  Specific  best  management 
practices  should  be  recommended  in  the  FS . 


Off-site  disposal  of  excavated  or  removed  contaminated  material. 
Although  not  an  ARAR , the  off  site  policy  of  EPA,  as  reflected  in 
section  121(d)(3)  of  CERCLA,  and  EPA  off  site  guidance,  must  be 
followed  if  off  site  disposal  occurs.  For  the  removal  of  waste 
contaminated  by  mining  waste,  the  requirements  of  40  CFR  Part  257 
are  applicable.  In  addition,  any  off  site  disposal  must  be 
protective  of  human  health  and  the  environment.  This  would 
require  any  off  site  disposal  unit  be  designed  to  prevent  the 
release  of  hazardous  substances,  pollutants  or  contaminants  from 
the  waste  deposited  there,  and  regular  monitoring.  At  present, 
the  only  identified  off-site  disposal  facilities  which  would  meet 
this  criteria  are  RCRA  permitted  facilities. 
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A LIST  OF  POLICIES,  CRITERIA,  ADVISORIES  OR  GUIDANCE  TO  BE 
CONSIDERED  IN  SETTING  REMEDIATION  LEVELS  OR  OTHER  REQUIREMENTS, 
STANDARDS  OR  LIMITATIONS  TO  BE  MET  AT  THE  WARM  SPRINGS  PONDS 
OPERABLE  UNIT,  SILVER  BOW  CREEK  NPL  SITE 


Agency  of  Toxic  Substance  nd  Disease  Registry  ( ATSDR ) . 1988. 

Draft,  toxicological  profile  for  lead.  U.S.  Public  Health 
Service,  Atlanta,  GA. 

EPA,  1986.  Guidelines  for  the  health  risk  assessment  of  chemical 
mixtures.  Federal  Register  5 1 ( 1 85  ):  340 1 4-34025  . 

EPA,  1986.  Superfund  public  health  evaluation  manual.  EPA 
540/1-86/060,  Office  of  Emergency  and  Remedial  Response, 
Washington,  D.C. 

EPA,  1987.  Final  draft.  Superfund  exposure  assessment  manual. 
Office  of  Emergency  and  Remedial  Response,  Washington,  D.C. 

EPA,  1988.  Integrated  risk  information  system.  Office  of 
Research  and  Development,  Cincinnati,  OH. 

EPA,  1989.  Second  quarter  FY  89  health  effects  assessment 
summary  tables.  Environmental  Criteria  and  Assessment  Office, 
OERR  9200 . 6-303- ( 89-2 ) . Cincinnati,  OH. 

EPA,  1989.  Regulating  Lead:  an  update.  AWWA  J.  81(7):  24. 

EPA,  1989.  Evaluation  of  the  potential  carcinogenicity  of  lead 
and  lead  compounds  in  support  of  reportable  quantity  adjustments 
pursuant  to  CERCLA  section  102.  EPA/600/8-89/045A,  Office  of 

Health  and  Environmental  Assessment,  Washington,  D.C. 

EPA,  September,  1989.  Interim  Guidance  on  Establishing  Soil  Lead 
Cleanup  Levels  at  Superfund  Sites.  OSWER  Dir.  # 9355.4-02. 

Recommended  Agency  Policy  on  the  Carcinogenicity  Risk  Associated 
with  the  Ingestion  of  Inorganic  Arsenic,  June  21,  1988,  Lee 

Thomas,  EPA  Administrator. 

All  Health  Effects  Assessments  and  Proposed  Health  Effects 
Assessments  for  contaminants  of  concern  at  the  site. 

All  Reference  Doses  for  contaminants  of  concern  at  the  site. 

All  Carcinogenic  Potency  Factors  for  contaminants  of  concern  at 
the  site. 

EPA's  RCRA  Design  Guidelines  for  Surface  Impoundments. 

EPA ' s RCRA  Permit  Writer's  Guidance  Manual  for  Hazardous  Waste 
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Land  Treatment,  Storage,  and  Disposal  Facilities. 

EPA's  RCRA  Technical  Resource  Document  for  Closure  of  Hazardous 
Waste  Surface  Impoundments. 

EPA's  NPDES  Guidance  Document  on  NPDES  Best  Management  Practices 
( June  1981  ) ; 

EPA's  Proposed  Drinking  Water  Standard  for  Maximum  Concentration 
Limits  for  Copper  and  Lead,  53  FR  31516  (August  18,  1988). 

EPA's  Guidance  on  Remedial  Action  for  Contaminated  Ground  Water 
at  Superfund  Sites,  OSWER  Dir.  # 9283.1-2,  December,  1988. 
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APPENDIX  C 


INITIAL  SCREENING  OF  REMEDIAL  TECHNOLOGIES 


AND  PROCESS  OPTIONS 


r<jrz 


TABLE  C-1 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

actions  remedial  technology  process  option  description 


SCREENING  COMMENTS 


No  oction. 


Required  for  consideration. 


No  trespassing  and  other  restrictions  to  limit 
access  and  use. 

Deed  restrictions  issued  for  property  within 
potentially  contaminated  areas  to  restrict 
property  use. 

Regulations  promulgated  to  require  a permit 
for  drilling  into  aquifers. 


> 


Potentially  applicable  and  technically  implementable. 


An  area  is  flooded  with  shallow  woter  to  discourage 
trespassing. 

Security  fences  installed  around  potentially 
contaminated  areas  to  limit  access. 


Drinking  water  dispensed  to  users  from  a \ 

centralized  point. 

Drinking  water  obtained  from  a commercial  vendor. 


Wells  installed  deep  or  upgrodient  if  these  areas 
are  isolated  from  contamination. 


Relocote  intake  in  an  uncontaminated  area. 


Establish  additional  water  sources. 


Move  residents  to  o motel  or  apartment.  Pay  for 
most  additional  out-of-pocket  expenses  for  a 
finite  period  of  time. 

Move  residents  to  a new  residence.  Pay  for  out-of- 
pocket  moving  costs,  temporary  housing  and  meals, 
utility  connections,  mortgoge  buydowns,  and 
closing  costs. 

Uncontaminoted  native  soil  ploced  over 
contaminated  areas.  Soil  should  minimize 
infiltrotion  of  precipitation. 

Compacted  cloy  placed  over  contaminated  areas 
Clay  should  be  covered  by  at  least  a foot  of  silty 
sand  or  sandy  soil  to  maintain  the  integrity  of 
the  clay  cap. 

Synthetic  membrane  placed  over  prepared  soil  or 
geotextile  surface  thot  is  over  a contcminoted 
area.  The  membrane  is  seamed  by  a variety 
of  methods.  The  membrane  must  be  compatible  with 
the  wastes  present. 

Sproyed  asphalt  is  placed  over  contaminated  areas 
and  covered  with  soil  or  opaque  reflective 
point  to  protect  the  asphalt  from  ultraviolet 
light  and  to  retard  oxidation. 

Asphalt  for  paving  grades  or  special  biends  mixed 
with  well  graded,  crushed  aggregate,  placed  over 
contaminated  areas. 

Concrete  placed  over  prepared  contaminated  orea. 

Fill  settlement  must  be  evaluated  in  considering  a 
concrete  cap  design. 

Cap  may  be  composed  of  natural  soils,  soil 
admixtures,  clay,  synthetic  membranes,  spray-on 
asphalts,  osphaltic  concrete,  or  portland  cement 
concrete  and  placed  over  contaminated  areas  if 
properly  designed,  will  meet  RCRA  requirements. 

Water-dispersible  emulsions  and/or  resins  ploced 
over  contaminated  oreas  to  form  a crust  thot 
reduces  water  ond  wind  or  dust  erosion.  Most  ore 
nontoxic  to  plonts  ond  animals.  Temporary  cover  only. 


> Not  applicable  - no  contaminated  drinking  woter  sources 

in  area. 


}Not  applicable  - no  residents  within  the  operable 
unit. 

Potentially  applicable  and  technically  implementoble. 


> Not  technically  implementable  - areas  are  too  large. 


Not  applicable  to  remedial  objectives  - 
temporary  containment. 
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Technology  or  process  option  screened  out. 


TABLE  O 1 (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  remedial  technology  process  option  description  screening  comments 


Trench  around  contaminated  area  excavated  and 
filled  with  a bentonite  slurry.  Trench  backfilled 
with  a soil-bentonite  mix. 

Trench  around  contaminated  area  excavated  and 
filled  with  a cement  bentonite  water  slurry. 

Cement  sets  up  and  forms  the  well. 

Vibratory  force  used  to  advance  steel  beam  into 
ground;  injection  of  a relatively  thin  wall  of 
cement  or  bentonite  as  beam  is  withdrawn. 

Grout  pressure-injected  along  contamination 
boundaries  in  a regular  overlapping  pattern  of 
drilled  holes. 

Steel  sheet  piling  driven  olong  contamination 
boundaries. 

Cement  chemical  grout  or  organic  polymer  injected 
into  the  soil  motrix  to  reduce  permeability. 
Experimental  process  option. 

Coolant  is  cirulated  through  refrigeration  pipes 
to  freeze  the  ground  for  seepage  control. 

Controlled  injection  of  slurry  in  notched 
injection  holes  produces  a horizontal  bar'ier 
beneath  contamination.  Experimental  process 
option. 

Grout  pressure  injected  ot  depth  through  closely 
spaced  drilled  holes. 

Similar  to  vertical  borriers  by  ground  freezing. 
Experimental  process  option. 

Liners  placed  to  restrict  vertical  flow  con  be 
constructed  of  the  some  materials  considered  for 
cop  construction. 

Cover  materials  and  seal  techniques  implemented  to 
stabilize  waste  deposits  and  to  prevent  surface 
water  infiltrotion,  control  erosion,  and  isolate 
and  contain  the  wastes.  Similar  to  copping. 
Reshaping  of  topography  to  monoge  surface  water, 
infiltration  and  runoff  to  control  erosion. 

Chemical  stabilizers  sprayed  on  bare  soils  or 
mulches  to  coot,  penetrate,  and  bind  together  the 
particles.  Chemicol  stabilizers  include  latex 
emulsions,  plastic  films,  oil-in-water  emulsions, 
and  resin-in-water  emulsions. 

A systematic  revegetotion  plan  includes  selection 
of  a suitable  plant  species,  seedbed  preparation, 
seeding/planting,  mulching  and/or  chemical 
stabilization,  fertilization,  and  maintenance. 

Diversion  and  collection  structures  installed 
upslope  or  at  perimeter  of  the  site  to  control 
drainage  of  stormwater  runoff.  System  can  also  be 
implemented  to  collect  contaminated  surface  water 
for  remediotion, 

A watertight  curtain  barrier  consists  of  a thin, 
impervious  membrane  which  contains  sediments 
within  o certain  area  to  be  dredged.  A pervious 
barrier  consists  of  a thin,  woven  or  unwoven, 
plastic  filter  fobric  which  filters  out  coarse 
sediment  particles. 

Cofferdams  installed  to  isolote  an  areo  of 
contaminated  sediments.  Depending  upon  water 
depth,  differential  head  to  be  maintained,  soil 
strength,  depth  of  excovotion.  etc  . o grcvel  or 
sand  berm,  o cellulor  cofferdam,  or  o sheet  pile 
bulkhead  is  installed 


Not  applicable  to  site  conditions  or  waste 
characteristics. 


> 


Not  technically  implementable.  Not  applicable 
to  site  conditions. 


Potentially  applicable  to  site  conditions.  Technically 
implementable. 


Not  applicable  to  site  conditions  or  waste 
> characteristics.  Useful  only  as  temporary  construction 
device  during  remediation. 
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TABLE  O 1 (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION 


DESCRIPTION 


A permeable  cap  is  installed  without  dewotering 
when  goal  is  to  prevent  the  spread  of  contaminated 
sediments.  An  impervious  cap  is  installed  after 
dewatering  so  remediation  can  be  done  in  a 
controlled  environment. 

Sandbags  are  used  to  divert  small  flows  so  that 
sediment  con  be  excavated. 


An  impoundment  is  constructed  to  establish  a low  flow 
rate  area  in  either  a stream  or  a runoff  flow.  The 
decreased  flow  rate  allows  entrained  solids  to  settle  out. 

Water  sprayed  over  area  of  concern  to  prevent  dust 
generation,  or  flooding  of  an  area  to  prevent  dust 
generation 

Organic  agents/polymers/foams  sprayed  over  area 
of  concern  to  prevent  dust/vapor  generation. 

Membranes  or  tarps  are  spread  over  area  of  concern 
to  prevent  dust/vapor  generation. 

Hygroscopic  salts  absorb  moisture  into  the  soil  in 
wnich  they  are  mixed. 


Berm’s  height  increased  to  a level  above  the 
selected  design  flood. 

Berm  surfaces  covered  with  a protective  layer  of 
nonerodable  material  such  as  riprap  or  soil  cement. 

Low  points,  usually  concrete  surfaced,  ore  constructed 
in  a berm  or  dam  to  allow  overflow  of  water  without 
damage  to  the  berm. 

Berm  slope  is  modified  to  increase  the  stability  of  the 
berm  against  earthquakes. 

Weight  added  to  berm  along  lower  edge  to  increase  the 
stability  of  the  berm  against  earthquakes. 

Pozzolanic  agents  (such  as  fly  ash,  kiln  dust,  cement, 
or  lime)  added  to  contaminated  soil.  The  resultant 
solidified  soil  is  less  susceptible  to  erosion  or  other 
migration. 

Same  os  Soil  Cement/Pozzolanic,  except  that  synthetic 
solidification  agents  are  used. 

Liquid  contents  of  a pond  are  removed  either  by  pumping 
or  draining  by  gravity  flow.  The  sediments  are  dewatered 
by  natural  drying,  freeze/thaw  cycling,  and/or  other  means. 

Used  for  large  excavation  and  trenching  jobs,  \ 

pulling  down  structures,  grubbing,  ond  loading 
debris  with  attachments;  used  to  shear  tanks  and 
piping  and  to  remove  drums. 

Used  for  moving  drums  on  pallets. 

Used  with  wrecking  balls  for  demolition  of  wall  or 
concrete  pads,  clamshells  for  lifting  or  ripping, 
wires  or  platforms  for  lifting,  ond  hoppers, 
buckets,  and  other  devices  for  carrying. 

Used  for  light  demolition  and  moving  debris. 


SCREENING  COMMENTS 


Potentially  applicable  and  technically  implementoble. 


Process  inapplicable  to  site  conditions  amd  waste 

characteristics. 

Potentially  applicable  and  technically  implementoble. 


Potentially  applicable  and  technically  implementoble. 

Not  applicable  to  site  conditions  - 

area  too  large. 

Not  applicable  to  remedial  objectives  - 

temporary  fix 


> Potentially  applicable  and  technically  implementoble. 


Potentially  applicable  and  technically  implementoble. 


Process  inapplicable  to  site  conditions  and  waste 
characteristics.  No  drums  on  site.  Woste  volumes 
too  large  to  use  drum  removal.  No  debris  removal 
required. 
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Technology  or  process  option  screened  out. 
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TABLE  C-1  (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 


SCREENING  COMMENTS 


Used  for  excovotion.  trenching,  pulling  down 
structures,  and  loading  material. 

Used  for  leveling  work  areas,  moving  piles  of 
material,  or  pusning  over  trees  and  structures. 


Used  to  cut  steel--rebar.  beams,  drums,  tanks, 
siding,  etc. 


Used  to  make  big  things  very  small,  very  rapidly. 

Fires  may  result. 

Excavation  of  contaminated  solids  can  use  ordinary 
construction  equipment  (backhoes,  bulldozers,  and 
front-end  loaders). 

Excavation  of  contaminated  semi-solids  requires 
working  on  mats  or  floating  equipment.  A toothless 
bucket  is  recommended  over  draglines  or 
clamshells.  Transportation  and  disposal  methods 
must  consider  the  water  associated  with  the  semi- 
solids. Some  semisolids  con  be  slurried  and  pumped. 
Excavation  of  contaminated  sediments  requires 
floating  equipment  or  operoton  of  equipment  on  the 
bank.  Hydraulic  dredges,  barge-mounted  pumps, 
vacuum  trucks,  and  pneumatic  dredges  are  used  for 
excavation.  Generally  bulk  liquid  removal  will 
also  be  required. 

Used  to  remove  large  amounts  of  liquid.  Liquid 
must  be  free  of  debris. 

Used  to^pull  liquids  directly  into  a truck.  "Super 
suckers"  can  vacuum  extremely  viscous  material  and 
solids.  Volatiles  can  pose  a health  and  safety 
problem. 

Used  to  remove  liquids  from  tanks  or  ponds.  Not 
recommended  for  flammable,  reactive,  or  shock- 
sensitive  materials. 

Used  to  remove  large  quantities  of  liquid  or 
sludge.  A system  of  pipelines  and  containment 
systems  is  required. 

Used  to  remove  small  amounts  of  liquid  or  sludge. 


Wells  are  installed  to  collect  contaminated 
groundwater  and  leachate. 

Underground  gravel-filled  trenches  generally 
equipped  with  tile  or  perforated  pipe  installed  to 
collect  contaminated  groundwater  and  leachate. 

Many  reservoir  volumes  of  hot  water,  steam,  or  air 
are  injected  into  a heavy  oil  reservoir  to  reduce 
the  viscosity  of  the  oil  tnus  inducing  flow.  For 
clean  up  of  low  levels  of  oil. 

Micellulor  solution,  polymer  or  alkaline  chemicals 
ore  injected  into  waterflooded  reservoirs  to 
reduce  the  surface  tension  between  oil  and  the 
flooding  medium.  May  spread  contamination.  Not 
applicable  for  clean  up  of  low  levels  of  oil. 

A gos  miscible  with  oil  can  be  injected  at  high 
pressures  into  deep  (2500  feet)  reservoirs  to 
displace  the  oil  ana  move  it  toward  recovery 
wells.  Applicable  to  oil  field  operations  only. 

Not  applicable  for  clean  up  of  low  levels  of  oils. 


> 


Process  inapplicable  to  site  conditions  and  woste 
characteristics.  No  debris  removal  required. 


Potentially  applicable  and  technically  Implementable. 


Potentially  applicable  and  technically  implementable. 

Not  applicable  to  site  conditions  - water  volumes 

too  large. 

Potentially  applicable  and  technically  implementable. 

Potentially  applicable  and  technically  implementable. 

Not  applicable  to  site  conditions  - water  volumes 

too  large. 

Potentially  applicable  and  technically  implementable. 


Process  inapplicable  to  inorganic  contaminants.  Not 
technically  implementable. 
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TABLE  C 1 (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 
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Solids  Treatment 
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Chemical  Reduction 


Other  Chemical  Modifications 


I Water  Leaching 


V-7^7-7-/  /-/  /-////  7 7 /////// 1 

■j/Solvent  Evaporotion/yyy^/^/] 


Solidification,  Fixation, 
Stabilization 


Sorption 


Pozzolanic  Agents 


Passive  controls  typically  consist  of  free  venting 
structures  of  cut-off  barrier  trenches  that  ore 
excovoted  to  the  depth  of  the  landfill.  The 
trenches  are  filled  with  gravel  to  intercept  the 
LFG  and  provide  it  the  path  of  least  resistance  so 
it  can  vent  to  the  atmosphere. 

A series  of  vertical  wells  or  trench  wells  with 
perforated  pipe  installed  and  connected  to  a main 
header  system  to  draw  LFG  to  a central  location 
for  treatment  or  disposal. 

Contaminated  buildings  or  other  structures  washed 
with  a substance  that  removes  contaminants  upon 
rinsing.  Often  decontamination  is  done  with  a 
pressurized  stream. 

Contamination  is  removed  mechanically  by 
sandblasting  or  similar  means 

Magnetic  fines  separated  from  non-rnagnetic  solid 
wastes  or  debris  through  the  application  of  a 
magnetic  field. 

Brittle  wastes  stressed  by  impact  beyond  their 
elastic  limit  and  broken  by  heavy,  slow-moving 
equipment. 

Non-brittle  wastes  are  reduced  to  uniform  size  by 
mechanically  shredding,  chopping,  crumbling,  etc. 

Solid  wastes,  including  sediments,  and  debris  are 
separated  according  to  size  by  screens.  Generally 
applicable  to  coarse  material  (>200  microns). 

Wastes  hydraulically  sized  using  specific  gravity 
differences.  Generally  applicable  to  finer-sizea 
particles  (<200  microns). 


Acid  added  to  an  alkaline  waste  or  base  added  to 
an  acidic  waste  to  adjust  the  pH. 

Oxidizing  agents  added  to  waste  for  oxidation  of 
organic  contaminants  to  less  toxic  oxidation 
states. 

Reduction  agents  added  to  wastes  to  stabilize 
metals  by  converting  them  to  a less  soluble,  more 
stable  form. 

Contaminated  solids  are  treated  with  appropriate 
reagents  under  suitable  conditions  to  convert  the 
contaminants  into  less  toxic  forms. 


Water  infiltrates  contaminated  solid,  leaching  out 
water-soluble  contamination. 

Solvent  infiltrates  contaminated  solic,  leaching 
out  contaminants  that  are  soluble  in  the  selected 
solvent. 

Contaminated  sludge  or  soil  heated  in  equipment 
which  allows  mixing.  Organics  volatilized  from 
solids  into  the  gas  stream. 

An  inert,  nondegradable,  nonreactive  sorbent  added 
to  liquid  or  sludge  to  soak  up  moisture  and 
produce  a soil-like  material. 

Lime  and  fine-grained  siliceous  material  added  to 
aqueous  waste  to  produce  a concrete-like  solid. 
Material  is  encapsulated  by  either  coating  the 
individual  particles  or  enclosing  entire  mass  in  a 
jacket  of  inert  material.  Applicable  for  extremely 
dangerous  or  rodioactive  wastes. 


SCREENING  COMMENTS 


Process  inapplicable  to  site  conditions.  No 
landfill  gas  to  be  collected. 


Process  inapplicable  to  site  conditions. 


Process  inapplicable  to  waste  characteristics.  Not 
technically  implementable. 


Process  inapplicable  to  site  conditions  and  to 
remedial  objectives. 


Not  useful  as  part  of  a remedial  action  for  tailings 
or  contaminated  soils.  Neutral  pH  not  desirable. 

Process  inapplicable  to  waste  characteristics. 


> Potentially  applicable  and  technically  implementable. 


Process  inapplicable  to  inorganic  contaminants. 


Potentially  applicable  and  technically  implementable. 


Process  inapplicable  to  site  conditions. 
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TABLE  C-1  (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 


SCREENING  COMMENTS 


Suspended  solids  removed  from  liquid  by  gravity  in 
a tank  or  lagoon.  Sedimentation  often  preceded  by 
chemical  precipitation  and/or  by  coagulation  and 
flocculation. 

Water  removed  from  sludge  by  gravity  in  thickening 
tanks.  Chemicals  can  aid  in  sludge  dewatering. 

Coarse  and/or  gross  solids  removed  from  raw 
wastewater  by  a screening  surface  in  a classifier. 


Not  applicable  to  woste  characteristics. 


Some  hydroxide  sludges  which  are  difficult  to 
dewater  are  more  easily  dewatered  if  frozen 
and  then  thawed  one  or  more  times. 

Sludge  placed  on  sand  layered  over  gravel.  Water 
in  the  sludge  evaporates  and  drains. 

Equalization  basin  regulates  flow  through  a 
treatment  facility.  Mechanical  mixing  equalizes 
concentration. 

Suspended  particle  aggregation  that  results  from 
chemical  additions  to  (he  wastewater.  Once 

forticles  have  aggregated  into  large  particles, 
hey  can  be  removed  be  sedimentation,  flotation, 
or  filtration. 

Oil  separated  from  water  by  gravity.  Treatment  moy 
be  required  for  dissolved  and  emulsified  oil 
prior  to  simple  physical  separation. 

Gas  bubbles  released  into  wastewater  attach  to 
suspended  solids,  free  and  emulsified  oils,  and 
grease;  float  to  the  top  and  are  skimmed  off. 

Fine  solid  particles  removed  from  liquid  stream  by 
a filter  medium.  Common  media  ore  sand,  diatomite, 
coal,  natural  or  synthetic  fabric,  and  wire  cloth 
Contaminated  liquid  or  gas  stream  passed  over 
adsorbant  that  removes  contaminants. 


Barrier  membrane  preferentially  passes  some 
components  of  a fluid  mixture  or  solution. 

Dissolved  solids  removed  from  low-viscosity 
liquids,  slurries,  ond  sludges  which  have  o 
component  that  freezes. 

Large  volumes  of  air  forced  through  liquid  in  a 

f acted  column  or  by  diffused  aeration  to  promote 
ransfer  of  volatile  contaminants  to  air. 

Similar  to  air  stripping;  steam  pumped  into 
stripping  column;  neat  promotes  transfer  of 
volatile  contaminants  from  liquid  to  air. 


Potentially  applicable  and  technically  implementable. 


Potentially  applicable  and  technically  Implementable. 


Not  applicable  to  site  conditions.  Water  volumes 
too  large. 


Process  inapplicable  to  waste  characteristics.  Not 
technically  implementable.  Water  volumes  too  large. 


> 


Not  applicable  to  site  conditions.  Water  volumes 
too  large. 


Process  inapplicable  to  woste  characteristics. 


mzms/////A 


Technology  or  process  option  screened  out. 
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TABLE  C-1  (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION  SCREENING  COMMENTS 


Wastewater  heated  to  its  boiling  point  then  condensed; 
a brine  stream  remains  that  contains  virtually  all  the 
dissolved  solids. 

Organic  liquid  wastes  are  boiled  to  release 
volatile  compounds  into  a vapor  phase.  The 
vapor  phase  is  condensed,  treated  and/or  disposed. 

Suspended  solids  removed  from  liquid  by  gravity  in 
a tank  or  lagoon.  Sedimentation  often  preceded  by 
chemical  precipitation  and/or  by  coagulation  and 
flocculation. 

Two  immiscible  liquids  brought  together  by  forced 
mixing  or  countercurrent  flow  to  promote  the 
transfer  of  a solute  from  one  liquid  to  the  other 
Applicable  for  removal  of  organics  from  aqueous 
solutions  or  water  soluble  compounds  from 
organic  solutions. 

Coarse  and/or  gross  solids  rmoved  from  raw 
wastewater  by  a screening  surface  in  a classifier. 

A gas  (typically  CO2)  at  its  critical  point  is  fed 
countercurrent  to  a contaminated  waste,  extracting 
organics,  which  then  separate  from  the  gos  at 
atmospheric  conditions. 

Acid  added  to  on  alkaline  waste  or  base  added  to 
an  acidic  waste  to  adjust  the  pH. 

Chemical  equilibria  of  waste  altered  to  reduce  the 
solubility  of  heavy  metals  through  the  addition 
of  a substance  tnat  reacts  with  the  metals  or 
changes  the  pH  or  through  a change  in  temperature 


Contaminated  water  passed  through  a bed  of  resin 
material  where  exchange  of  ions  occurs  between 
the  bed  and  the  water. 

Oxidizing  agents  added  to  wastes  for  oxidation  of 
cyanide,  heavy  metals,  unsoturated  organics, 
sulfides,  sulfites,  phenolics,  pesticides, 
aldehydes,  and  oromatic  hydrocarbons  to  less  toxic 
oxidation  states. 

Reduction  agents  added  to  wastes  for  reduction  of 
hexavalent  chromium,  mercury,  dissolved  lead,  and 
silver  to  less  soluble,  more  stable  forms. 
Electrochemical  treatment  changes  the  oxidation 
state  of  ions  in  solution  to  a preferred  and 
treatable  state  through  the  application  of  a 
direct  current  to  two  submerged  electrodes  in  an 
electrolyte  solution.  Generally  used  to 
precipitate  heavy  metals. 

Chemical  reagents  or  catalysts  added  to  wastes  to 
remove  chlorine  atoms  from  chlorinated 
hydrocarbons.  Not  applicable  to  aqueous  wastes. 
Experimental  process  option. 

Sunlight,  fluorescent  lamps,  or  mercury  arcs 
applied  to  liquid  or  gaseous  woste  stream  to 
romote  the  photodegradotion  of  the  contaminant, 
xperimental  process  option. 

Substance  exposed  to  a radiation  flux  field  to 
initiate  chemical  reactions,  induce  biological 
changes,  or  modify  chemical  and  physical 
properties  of  the  substances.  Applicable  to  stock 
gases. 

Applied  to  water  streams  to  remove  manganese  and 
iron  through  oxidation  and  filtration.  Oxidizing 
agents  are  chlorine  and  potassium  permanganate 
Oxidized  iron  and  mangonese  are  filtered  by  coal 
and  the  oxidants  are  filtered  by  the  greensand. 


Not  applicable  to  site  conditions  - water  volumes 
too  large. 

Process  inapplicable  to  Inorganic  contaminants. 


Potentially  applicable  for  contaminated  water 
and  technically  implementable. 


Process  inapplicable  to  inorganic  contaminants. 


Not  applicable  to  waste  characteristics  - 
particles  too  small . Not  technically  implementable. 


Process  inapplicable  to  inorganic  contaminants. 

Not  applicable  to  waste  characteristics.  Not  effective 
for  remedial  action  objectives. 


Potentially  applicable  and  technically  implementable. 


Not  applicable  to  site  conditions  - water  volumes 
too  large. 


Process  inapplicable  to  inorganic  contaminants. 


Process  inapplicable  to  site  conditions  or  waste 
characteristics. 
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TABLE  C-1  (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION  SCREENING  COMMENTS 


Organic  wastes  oxidized  through  the  use  of  a mixed 
cufture  of  organisms  in  aerobic  conditions. 

Organic  compounds  oxidized  through  the  use  of  a 
mixed  culture  of  organisms  in  anaerobic 
conditions. 

Organic  compounds  removed  from  wastewaters  through 
the  use  of  a mixed  culture  of  organisms  in  both 
aerobic  and  anaerobic  conditions. 

Genetically  modified  microorganisms  applied  to 
wastewater  to  oxidize  specific  organic  compounds. 
Purified  enzyme  systems  detoxify  organic 
contaminants.  Experimental  process  option. 

Organic  liquid  and  sludge  waste  applied  to  open 
land.  Biodegradable  organics  oxidize  and  crops 
consume  nutrients  ana  minerals  (heavy  metals). 

Metals-contaminoted  water  is  treated  by  biological 
and  chemical/physical  processes  in  a we  tland. 


Metals-contaminoted  water  is  treated  by  biological 
and  chemical/physical  processes  in  a pend. 

Hazardous  materials  thermally  destroyeo  in  a 
controlled,  oxygen-sufficient  environment. 

Generally,  products  include  carbon  dioxice,  water, 
and  ash.  Many  tvpes  of  incinerators  with  varying 
capabilities  exist. 

Waste  materials  mixed  with  pulverized  coal, 
natural  gas,  wood  chips,  etc.,  or  other  wastes  and 
used  as  a supplemental  fuel  source  to  produce 
steam  for  a conventional  power  cycle. 

Hazardous  materials  thermally  destroyea  in  an 
oxygen-deficient  environment. 

Gaseous  waste  oxidized  at  high  temperatures 
generated  from  supplemental  fuel. 

Waste  mixed  with  air  and  fed  to  a reactcr  where 
destruction  takes  place  at  high  temperatures  (up 
to  600*)  and  pressures  (up  to  200  atm). 

Reduction  agents  added  to  wastes  for  reduction  of 
hexavalent  chromium,  mercury,  dissolved  lead,  and 
silver  to  less  soluble,  more  stable  forms. 

Electrochemical  treatment  changes  the  oxidation  state 
of  ions  in  solution  to  a preferred  and  treatable  state 
through  the  application  of  a direct  current  to  two  submerged 
electrodes  in  an  electrolyte  solution.  Generally  used  to 
precipitate  heavy  metals. 

Certain  minerals,  metallic  products  and  combustable 
materials  can  be  reclaimed.  I_FG  can  be  corverted  to 
methanol  and  hydrogen. 


process  option  screened  out. 


> 


Process  inapplicable  to  inorganic  contaminants  . Not 
technically  implementable. 


Potentially  applicable  and  technically  implementable. 


Currently  being  used  at  site  to  treat  contaminated 
surface  waters. 


Process  inapplicable  to  inorganic  contaminants.  Not 
technically  implementable. 


Potentially  applicable  and  technically  implementable. 


Not  applicable  to  waste  characteristics. 


Potentially  applicable,  but  extra  costs  of  resource 
recovery  not  warranted  over  other,  equolly  effective 
treatment  processes. 
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GENERAL  RESPONSE 
ACTIONS 


Treotment 

(con  tinued) 


In  Situ  Treatment 


TABLE  C-1  (continued) 

TECHNOLOGY  PROCESS  OPTION  SCREENING 


REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 


SCREENING  COMMENTS 


Vapor  qomponents  existing  at  or  near  a gas 

stream  s saturation  point  are  removed  when  the  stream 

is  cooled  below  the  dew  point. 

Particles  removed  from  a gas  stream  by  gravity 
settling,  inertial  forces,  filtration, 
electrostatic  attraction,  and  particle 
conditioning. 

Gas  stream  constituents  removed  by  their  contact 
ond  adherence  to  the  surface  of  a solid.  Organic 
vopors,  water  vapors,  hydrogen  sulfide,  ammonia, 
carbon  dioxide,  ond  sulfur  dioxide  can  te  removed, 
depending  upon  the  solid  used. 

Gas  stream  constituents  removed  by  dissolving  them 
in  a selective  liquid  solvent.  Contaminar.ts 
generally  removed  include  sulfur  dioxide,  hydrogen 
sulfide,  hydrogen  chloride,  chlorine,  ammonia, 
oxides  of  nitrogen,  and  light  hydrocarbcns. 

Gas  stream  constituents  converted  to  less  toxic 
compounds  or  to  compounds  that  can  be  more 
easily  removed  by  another  process.  This  chemical 
reaction  is  generally  referred  to  as  catclytlc 
conversion. 

Gas  stream  is  subjected  to  high  temperatures  in  on 
oxygen -sufficient  environment.  Combustible 
materials  are  oxidized. 

Substances  applied  or  injected  into  a contaminated 
site  to  adjust  the  pH  of  the  waste. 

Innovative  process  option  for  contaminated  soils 
or  buried  wastes. 

Ozone  or  hydrogen  peroxide  applied  in  water 
solutions  to  the  soil  to  promote  the  oxidation  of 
organics.  Conceptual  process  option. 

Reduction  agents  applied  to  contamina.ed  soil  to 
reduce  chlorinated  organics,  unsaturated  aromatics 
and  aliphatics,  and  heavy  metals  to  less  soluble, 
more  stable  forms.  Conceptual  and  experimental 
process  option. 

Substances  applied  to  soil  or  streams  to  promote 
the  precipitation  of  metals  as  sulfides, 
pHospHates,  and  hydroxides.  Suitable  soil  pH  must 
be  maintained  for  maximum  insolubility  of  metal 
precipitates.  Experimental  process  option  for 
soils. 

Microbiological  degradation,  detoxification,  and 
mineralization  of  hazardous  substances  is  enhanced 
with  respect  to  electron  acceptors,  nutiient 
levels,  moisture  content,  pH,  and  temperature. 
Electrodes  placed  over  surface  of  contcminated  site, 
or  in  vertical  or  horizontal  bore-holes  drilled  through 
contaminated  zone.  Electromagnetic  energy  in  radio 
frequency  band  is  applied  to  electrodes  to  cause  rapid 
heating  of  the  soil  by  molecular  excitation. 

VOC  removal  from  soil  by  application  of  steam.  Injection 
wells  force  steam  through  contaminated  subsurface. 
Steam  carrying  stripped  volatiles  ore  collected  at 
surface  through  extraction  wells. 

Trench  excavated,  filled  with  appropriate 
material,  and  copped  to  intercept  contaminated 
groundwater  plume.  Depending  upon  bed  material, 
plume  can  be  neutralized,  metals  and  crganics  can 
be  removed,  and  nutrients  can  be  added.  Conceptual 
process  option. 

Graphite  electrodes  placed  in  a square  array. 

Electric  current  passes  through  electrodes 
creating  high  temperatures  that  melt  the  soil  or 
waste  solids  into  a block  of  glasslike  material. 
Experimental  process  option. 

Large  volumes  of  air  pulled  through  the  soil  strips 
volatile  contaminants  from  the  soil  in  a manner 
similar  to  air  stripping. 

Lime  and  fine-grained  siliceous  material  added  to 
aqueous  waste  to  produce  a concrete-like  solid. 


> 


Process  inapplicable  to  site  conditions  and  waste 
characteristics. 


Potentially  applicable  and  technically  implementable. 


Process  inapplicable  to  inorganic  contaminants  . Not 
technically  implementable. 


Not  applicable  to  site  conditions  - 
waste  volume  too  large. 


Process  inapp 
implementobL 


licable  to  site  conditions.  Not  technically 


Process  inapplicable  to  inorganic  contaminants. 


Process  inapplicable  to  site  conditions. 


Not  applicable  to  site  conditions  - 
waste  volume  and  area  too  large. 


Process  inapplicable  to  inorganic  contaminants. 


Potentially  applicable  and  technically  implementable. 
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TECHNOLOGY  PROCESS  OPTION  SCREENING 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 


SCREENING  COMMENTS 


In  Situ  Treatment 


Solids  Treatment 


^^^nV//////////A 

t //  Y'/'Y  ////  s //////////  \ 
/Other  In  Situ  Treatment/^// 
////.■////////////  ///A 


X/YYYYYYYITYYY/ 
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Disposal 
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Wastewater  Discharge 


Surface  Waters 
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oration  Ponds, 
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RCRA  Landfill 


Non-ftCRA  Landfill 


Surface  Impoundments 


Monitoring 


Monitoring 


Monitoring 


Contaminated  soil  is  flushed  with  an  appropriate 
flushing  solution  and  the  elutriate  is  collected 
in  a series  of  shallow  well  points  or  subsurface 
drains. 

Other  treatments  include  immobilization, 
polymerization,  and  photolysis.  Generally, 
experimental  process  options. 

Energy  is  recovered  from  thermal  treatment,  or 
wastes  are  converted  for  use  as  fuel. 


Products  are  recovered  from  treatment  processes 


Process  applicable  to  inorgnic  contaminants  only 
at  higher  concentrations. 


Not  technically  implementable. 


Process  inapplicable  to  site  conditions. 


Hazardous  materials  are  temporarily  buried 
(onsite)  until  permanent  treatment  or  disposal. 


Waste  piles  are  used  for  temporary  storage  of 
solid  wastes. 


Not  applicable  to  remedial  objectives  - 
temporary  fix. 


Containers  are  used  to  temporarily  store  and 
transport  wastes.  Tanks  are  used  to  temporarily 
store  liquid  wastes  prior  to  treatment  Dr  disposal. 

Liquid  and  solid  wastes  that  are  prima'ily  organic 
are  incorporated  into  the  upper  soil  hcrizon  so 
they  con  be  degraded,  transformed,  or  immobilized. 
Hazardous  solid  waste  amendments  (1  984)(HSWA) 
prohibit  the  ocean  disposal  of  hazardous  waste. 


HSWA  prohibits  the  deep  mine  disposal  of  hazardous 
waste. 


} 


Aqueous  streams  are  discharged  to  a POTW  for 
treatment. 


Process  inapplicable  to  site  conditions. 


Process  inapplicable  to  inorganic  contaminants. 


Not  applicable  by  law. 


Process  inapplicable  to  site  conditions.  No  POTW  in  area. 


Aqueous  streams  are  discharged  to  surface 
receiving  streams. 


Treated  groundwater  or  surface  water  is  reinjected 
into  onsite  wells. 

Aqueous  wastes  are  injected  into  Class  I wells. 
Recent  guidance  may  further  regulate  this  practice. 


Surface  impoundments  are  used  to  contain  treated 
or  untreated  wastewater  until  it  evaporates. 

Solid  hazardous  wastes  are  permanently  disposed  of 
in  a RCRA-permitted  landfill.  RCRA  lanafills 
cannot  accept  liquid  hazardous  waste. 

Solid  nonhazardous  wastes  are  permanently  disposed 
of  in  a non-RCRA  landfill.  Landfills  connot 
accept  liquid  wastes. 

Surface  impoundments  are  used  to  store  or  treat 
liquid  and  sludge-type  waste.  Also  known  as  ponds, 
lagoons,  liquid  trenches,  evaporation  ponds, 
treatment  ponds,  aeration  pits,  and  stabilization 
basins. 

Short-and/or  long-term  monitoring  is  mplemented 
to  record  site  conditions  and  contamination 
levels. 


Potentially  applicable  and  technically  implementable. 


Process  inapplicable  to  site  geology. 


Not  applicable  to  site  conditions  - 
waste  volume  too  large. 


Potentially  applicable  and  technically  implementable. 
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Appendix  D:  Cost  Analysis  for  Remedial  Alternatives 


APPENDIX  D 


COST  ANALYSIS  FOR  REMEDIAL  ALTERNATIVES 


SUMMARY  OF 


DETAILED  COST  ESTIMATES 


COST  ESTIMATE  DEVELOPMENT 


The  Warm  Springs  Ponds  Feasibility  Study  addresses  six  alter- 
native actions.  In  order  to  cost  them,  each  alternative  is 
represented  by  four  interrelated  tables.  It  is  the  purpose 
of  this  narrative  to  lead  the  reader  through  the  development 
and  purpose  of  each  table,  and  how  they  meld  together  to 
form  the  cost  opinion  for  an  alternative  action. 

The  four  tables  that  comprise  the  cost  opinion  with  backup 
for  any  action  alternative  are: 

1.  Table  D- (Alternative  No.)  A- -Which  is  the  Alternative 
Cost  Summary 

2.  Table  D- (Alternative  No. -Which  is  the  Compilation 
of  man-hours  worked  under  ha%4rdo:us  waste  protection 
requirements 

3.  Table  D - ( A 1 1 e rnat ive  No . ) C- -Which  compiles  the  General 
Re quir emen$si;^iE^^j®aiZ Afedpus  Waste  Project  Worker  Protec- 
tion Costs,  %. 

4.  Unit  Cost  Development  for  the  Alternative  Action  Noted 

From  here  on,  these  tables  will  be  referred  to  as  Tables  A, 

B,  C,  and  the  Unit  Cost  Development  Table. 

The  first  step  for  each  alternative  action  was  determination 
of  the  line  items  and  their  quantities  required  to  achieve 
the  purposes  set  out  in  the  alternative  action  narrative. 

This  provided  the  Alternative  Work  Item  Descriptions  in 
Tables  A and  B and  the  Unit  Cost  Development  Table.  This 
information  was  supplied  to  a cost  estimator  by  the  project 
design  team.  Additional  information  had  to  be  conveyed  to 
this  cost  estimator  to  complete  the  information  exchange 
that  allowed  him  to  attach  unit  costs  to  the  individual  line 


l 


items.  Some  of  that  information  is  shown  in  the  Notes  col- 
umn of  Table  A. 


Recognizing  that  the  hazardous  waste  worker  protection 
levels  vary  with  the  materials  being  handled  and  the  activi- 
ties being  performed,  the  next  step  was  to  determine  what 
these  protection  levels  were  and  the  protection  level  re- 
quired for  each  line  item  activity  in  each  action  alterna- 
tive. Again,  the  project  design  team  made  these  decisions 
and  provided  input  to  the  cost  estimator.  This  is  the  Level 
of  Hazardous  Waste  Protection  column  on  Tables  A and  B and 
the  Unit  Cost  Development  Table. 


The  next  step  was  for  the  cost  estimator  to  develop  unit 
costing,  which  appears  in  the  Cost  Re source  and  Unit  Cost 
columns  of  the  Unit  Cost  Development  Tables.  The  Unit  Cost 
column  also  appears  in  Table  A\  This  unit  costing  ignores 
any  impacts  that  hazardous^vaste  'protection  will  have  on 
total  cost,  as  these  impacts  will  be  addressed  later.  At 
this  point  the  Subtotal ^Construction  Costs  excluding  Hazard 
Protection,  Division::,!  Costs  and  Contingency  can  be  ex- 
tended for  each  Alternative:,  > 


In  conjunction  with  developing  the  unit  costs , the  cost  esti- 
mator developed  thellLabor  %"  column  that  appears  on  Ta- 
bles A and  B and  the  Unit  Cost  Development  Table.  This  is 
the  percentage  of  the  total  unit  cost  that  the  labor  compo- 
nent of  that  unit  cost  comprises.  This  was  required  because 
the  materials  cost  component  of  a line  item  is  not  signifi- 
cantly affected  by  the  level  of  worker  protection  required 
while  the  productivity  of  the  worker  can  see  highly  signifi- 
cant variability  with  changes  in  worker  protection  require- 
ments . 


The  cost  impact  of  working  in  hazardous  waste  protective 
clothing  and  wearing  respiratory  devices  had  been  previously 
analyzed  by  CH2M  HILL  and  tabulated  in  their  REM  IV  Cost 
Estimating  Guide  dated  March  1987.  This  resource  was  used 
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to  develop  Labor  and  Material  Cost  Impact  Multipliers  and 
Protective  Equipment  Costs.  Labor  and  Material  Cost  Impact 
Multipliers  are  intended  to  be  the  factor  that  construction 
unit  costs  for  a nonhazard  workplace  should  be  multiplied  by 
to  account  for  the  inefficiencies  associated  with  the  wear- 
ing of  protective  clothing  and  respiratory  devices.  Protec- 
tive Equipment  Costs  estimates  the  cost  including  disposal 
of  these  clothing  articles  and  respiratory  devices.  The  de- 
velopment of  these  are  shown  in  Table  C. 

The  Labor  and  Material  Cost  Impact  Multipliers  can  be  ap- 
plied directly  to  the  Table  A Cost  Extensions"  Excluding 
Hazard  Protection  to  extend  the  additional  laboh;,  cost  that 
is  incurred  as  a result  of  the  inefficient; ies  and  additional 
man-hours  required  to  complete  the  work  while  wearing  hazard 
ous  waste  protective  clothing  and  equipment. 

In  Table  B,  the  Cost  Extension  including  Hazardous  Waste  Pro 
tection  times  the  Labor  Percent  yields  a total  labor  cost 
for  a given  line  itemllL  :;|We  -hay e^asSumed  a composite  labor 
rate  of  $30.00  per:;:;:ffian-hour  regardless  of  trade  solely  for 
the  purpose  of  converting  :fehe  total  labor  cost  to  labor  man- 
hours estimates  to  be  Required . This  allows  us  in  Table  B 
to  compute  the  total,  pin- hours  for  an  alternative  action 
estimated  to  be  required  under  a given  hazardous  protection 
level.  This  labor  requirement  is  multiplied  by  the  applica- 
ble Protective  Equipment  Cost  as  a component  of  Hazardous 
Waste  Protection  Costs  compiled  in  Table  C. 

The  remaining  components  of  the  Hazardous  Waste  Protection 
Costs  are  then  computed  per  the  REM  IV  Cost  Estimating  Guide 
as  shown  on  page  3 of  Table  C.  This  total,  called  Hazardous 
Waste  Protection  Costs,  is  mainly  the  cost  of  protective 
equipment  and  the  health  and  safety  program.  It  becomes  the 
first  item  added  to  the  Subtotal  Alternative  including  Haz- 
ardous Waste  Protection  Costs  on  Table  A. 

The  next  item  added  in  Table  A is  termed  Division  1 Costs 


3 


and  is  also  developed  on  page  3 of  Table  C.  This  is  a break- 
down of  the  general  project  overhead  items  that  was  expected 
to  be  incurred  on  this  project.  It  is  somewhat  arbitrary 
and  could  be  viewed  differently  by  others,  but  is  within  the 
reasonable  range  for  those  items  that  normally  fall  within 
Division  1 of  a set  of  contract  documents  set  up  under  CSI 
format . 

The  last  item  is  contingency,  which  is  included  to  cover  the 
uncertainties  of  any  design  in  a study  or  preliminary  stage. 
With  this  addition,  the  Total  Alternative  Cost  is  shown  at 
the  bottom  of  Table  A. 

lw  / CV0R2  0 7 / 0 1 8 . WP 
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PRESENT  WORTH  ANALYSIS 


A present  worth  analysis  was  performed  on  each  of  the  alter- 
natives to  provide  a comparison  of  the  present  and  future 
costs  on  a common  basis.  This  present  worth  analysis  takes 
into  account  the  estimated  project  construction  costs,  the 
construction  period,  and  the  estimated  operation  and  mainte- 
nance costs. 


The  estimated  project  construction  costs  ape  shown  in  Ta- 
bles 8-6,  8-8,  8-10,  8-12,  8-14,  and  8-16. a The  construction 
costs  were  discounted  according  to  the  construction  sched- 
ules shown  in  Figures  8-1  through  8^6/  It  was  necessary  to 
discount  the  construction  costs  because  of  the  extended  con- 
struction periods  for  Alternatives.  1 and ' 2 . The  base  year 
was  assumed  to  be  the  year  in  vhl c-h  Construe t ion  begins  and 
the  discount  rate  was  assumed  tp  be: 5 percent . 

The  O&M  costs  listed  In  ;T ables  S-- 'Y,  8-9 , 8-11 , 8-13 , 8-15 , 
and  8-17  were  a 1 s o:;; .4is c dun te d to  the  base  year . The  dis- 
count rate  was  assumed  to  be >5  percent  and  the  period  of  per- 
formance was  assumed  tdj  be  30  years . 

The  present  worth  costs  are  shown  in  Table  D-7. 
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at  5 percent  of  estimated  construction  cost. 
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SENSITIVITY  ANALYSIS 


A sensitivity  analysis  has  been  completed  to  evaluate  the 
effects  on  project  costs  caused  by  variations  in  the  assump 
tions  associated  with  design,  implementation,  and  operation 
These  assumptions  depend  on  the  accuracy  of  the  data  devel- 
oped during  the  remedial  investigation  and  this  feasibility 
study.  The  effects  on  the  cost  of  a specific  action  can  be 
observed  by  varying  the  assumptions  and  noting  the  effects 
on  the  estimated  costs. 


The  sensitivity  analysis  serves  several  functions : 


It  outlines  the  areas  of  greatest  uncertainty  in 
the  assumptions  so  that;:  additional  data  can  be 
gathered  if  more  a c curate  c os  t - e s t ima t e s are  re- 
quired. 


It  defines  the;., " bound  ary  conditions"  of  the  cost 
e s t ima  t In  ::  o the  r words,  it  establishes  reason 

able  maximum  and:i;minimum  cost  for  the  most  uncer- 
t a inft=e bst  e 1 ement s . 


It  identifies  those  areas  requiring  the  greatest 
effort  during  the  design  phase  to  opti; 
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